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ABSTRACT 
Landfills are a common disposal method for municipal solid waste. They have an impact on 
their surrounding environment when improper items are disposed of within the landfill and/or 
leachate is not properly managed. Over the past 25 years, legislation has been enacted to regulate 
landfills to ensure proper design to protect the environment, to minimize improper disposal, and to 
systematically monitor groundwater and surface waters potentially affected by the site. Programs are 
now in place to provide easier recycling options and convenient drop-off points to divert household 
hazardous wastes from landfills. Problems do arise, however, for landfills or portions thereof 
constructed prior to the current legislation and when failure occurs in engineered landfills used today. 
The Metro Park East Landfill in Mitchellville, Iowa serves the Des Moines metropolitan area. 
The landfill has been in operation since the early I970's. Expansion activities in 1996 uncovered an 
unknown drain tile that showed elevated levels of volatile organic compounds. Groundwater 
monitoring wells were installed to monitor groundwater quality on a semiannual basis since 1996. In 
1998, the Metro Waste Authority and Iowa State University performed a two-year sampling program 
to assess the water quality in the local ground and surface water system. The objective of the study 
was to assess the impact of surface runoff and groundwater on Camp Creek and its two tributaries 
within landfill property; assess the groundwater contamination, if any, around several groundwater 
monitoring wells; and to assess the interaction between affected groundwater wells and surface 
waters. 
Based on data collected over the two-year period, the landfill did not significantly affect 
Camp Creek and one of the two tributaries. A groundwater contamination plume is present in the 
southern part of the landfill as evident by the high concentrations of volatile organic compounds in 
two monitoring wells (MW-29 and MW-30). Based on a comparison of water quality in these two 
wells and a surface water monitoring point between the two wells (SW-105), there seemed to be some 
impact from the groundwater on the surface water of this tributary of Camp Creek. Several different 
methods were utilized to arrive at this conclusion. 
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CHAPTER 1 INTRODUCTION 
Groundwater and surface waters have long been an important resource for drinking, 
household use, irrigation, industrial supply, and recreation. However, the extent of contamination 
from various sources has increased over the last 25 years due to an increase in human activities. 
These activities may include consumer demands that encourage the production of new synthetic 
chemicals, improper disposal of products, oil spills, leaking under or above ground storage tanks, and 
land disposal of waste to name a few. Federal, state, and local authorities have developed regulations 
to limit the amount of new contamination and to remediate contamination that currently exists. The 
land disposal of municipal waste is a potential contamination source that will be examined for this 
study. 
Garbage is not commonly thought of in the daily life of an American. The majority of 
Americans put their trash out on a designated night each week for garbage collectors to come and 
pick up the next morning. Rural customers may have to take the waste to the landfill themselves. 
Regardless, the average American does not give much thought to where their waste goes as long as it 
is taken once a week and stops stinking in their garage. The same goes for yard trimmings. Once the 
consumer is done with a material they want it out of their way. Perhaps this is an area that more 
people should care about. It is likely that residents living close to landfills have different thoughts on 
what happens to the waste. Try siting a new landfill and people will suddenly care about where the 
waste is going. But why? 
There are several reasons. When waste haulers, public and private, are enroute to the landfill, 
items tend to fall or are blown off the transporting vehicle. This can be quite unsightly along the 
highway or other public route to the landfill. Once placed in the landfill waste tends to be blown 
about, especially on windy days (landfill operators will agree it is windy just about every day, 
especially in Iowa). Visiting even the best-run landfill on a windy day tends to make one rethink 
throwing away plastic grocery sacks, which can be blown for miles in every direction before being 
caught in trees or fences. Odors emanating from landfills may also be a problem. 
The last reason, and perhaps the most important, may not be necessarily a visual problem. 
The quality of the environment may be greatly affected (typically adversely} by the impacts of a 
landfill. Great strides have been made since the early 1990's to provide greater protection to the soil, 
groundwater, and surface waters surrounding a landfill. However, the effects from many years of 
"dumping" prior to the new regulations must be dealt with. 
Prior to the current regulations, a process called open dumping commonly occurred. 
Regulatory provisions existed on the part of the city and state but were not necessarily followed, as 
2 
discussed in Chapter 3. The combination of unregulated dumping and lackadaisical siting of landfills 
often did not provide proper protection for the environment. The United States Environmental 
Protection Agency (US EPA) has been performing studies on land disposal of waste as far back as 
1977 to remedy this situation. At that time a two-year study on the "relatively new technique" of 
using impermeable liners to prevent the infiltration of leachate into the groundwater was ending 
(Train, 1977). Studies had also begun on the treatment process of leachate once it was collected prior 
to discharge to the surrounding environment. 
Groundwater contamination may cause problems of inconvenience including taste, odor, 
color, hardness, or foaming (Cheremisinoff, 1997). The problems can be much more serious when 
pathogenic organisms, flammable or explosive substances, or toxic chemicals and their by-products 
are present (Cheremisinoff, 1997). Neighbors of the landfill would agree when they tell stories of 
adjacent creeks being on fire (undocumented) or of workers becoming ill after drinking water from an 
arsenic contaminated well (documented in Minnesota in 1972) twenty feet from the old village dump. 
Most studies on groundwater contamination by landfills currently focus on the presence of organic 
compounds. This is due to the rapid grovvth of the synthetic organic chemical industry in the United 
States over the last 55 years. As of 1997, there were at least 63,000 synthetic organic chemicals 
manufactured in the United States and an increase of 500 to 1,000 more each year (Cheremisinoff, 
1997). 
Over 200 chemical constituents have been identified in groundwater including approximately 
175 organic compounds and more than 5 0 inorganic chemicals and radionuclides (OTA, 19 84). The 
sources of these chemicals are both man made and naturally occurring in the environment. A study 
by the US EPA indicated the presence of volatile organic compounds (VOC's) in 466 randomly 
selected public water supply systems. The most commonly occurring VOC's were trichloroethylene 
(TCE) and tetrachloroethylene (PCB) (Cheremisinoff, 1997). 
Environmental engineering over the last 25 years has focused on the construction of landfills 
and methods to handle the leachate created within the landfill to minimize the contamination of local 
water sources. A number of methods have been developed to prevent the migration ofleachate out of 
the landfill area through the use of liner systems, leachate collection systems, and the designed slope 
of the base of the landfill. The cap, or top, of the landfill is designed to limit the infiltration of 
precipitation into the landfill through the use of liner systems and slopes that promote runoff as 
opposed to ponding. Engineering has been done to determine methods that are both efficient and cost 
effective to meet these design criteria. 
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Regulations in the state of Iowa require a minimum of semi-annual sampling at all current 
landfills and for a 30-year period after closure. The goal of this ground and surface water monitoring 
is to detect possible contamination early on. The contamination may occur by any single source or 
combination of several routes. Contaminants receiving improper disposal and cover may leach into 
surface runoff and be transported over land to nearby surface waters. The interaction between 
leachate and groundwater may occur for several reasons including the absence of a sufficient liner 
material, deficiencies in the liner material, and groundwater table elevations that seasonally rise above 
the bottom of the landfill. Once contamination is present in groundwater the transmittal to surface 
water is possible through interaction with the creek if it is a gaining stream. Likewise, if the stream is 
a losing stream contamination in the surface water may be transmitted to the groundwater. 
Many landfills under the state of Iowa regulations do not show appreciable effect on the 
environment. However, several do show possible contamination that requires special attention. 
Despite recent efforts the effects of many years of unprotected waste disposal need to be considered 
and dealt with. One of the greatest challenges is determining the nature and extent of possible 
contamination that has occurred at a site. Subsurface investigations including soil borings and the 
installation of groundwater monitoring wells aid in making the determination. Knowledge of the soil 
strata allows predictions to be made on the rate of travel of contaminants. Monitoring wells allow 
groundwater samples to be collected and analyzed to determine the extent of contamination at one 
point. Data collected over a period of time allow trends to be observed and analyzed to determine 
characteristics of the contamination plume. 
Site development work at the Metro Park East Landfill in Mitchellville, Iowa in 1996 
uncovered a possible plume of contamination south of the current fill area. The source, path, and 
extent of this plume were unknown. In 1998, the Metro Waste Authority and Iowa State University 
performed a two-year sampling program to assess the water quality in the local ground and surface 
water system surrounding the Metro Park East Landfill. The objective of the study was to assess the 
impact of surface runoff and groundwater on Camp Creek and its two tributaries within landfill 
property; assess the groundwater contamination, if any, around several groundwater monitoring wells; 
and to assess the interaction between affected groundwater wells and surface waters. 
1.1 Thesis Organization 
This thesis is organized into a total of seven chapters with seven appendices at the end. 
Chapter 1 is an introduction regarding the possible sources of groundwater and surface water 
pollution, current status of landfills, and environmental engineering methods to limit contamination 
4 
from landfills. Chapter 2 is a literature review that examines several areas including solid waste 
composition and decomposition, leachate characteristics, and possible contaminant decomposition. It 
also explores the Iowa Administrative Code regarding the operation of landfills and includes case 
studies of landfills both in Iowa and other states where ground and surface water studies have been 
completed. Analytical data from ground and surface water samples at other Iowa landfills is included 
as a comparison to that found at the Metro Park East Landfill. Chapter 3 takes an in-depth look at the 
Metro Park East Landfill and other operations associated with Metro Waste Authority which affect 
the waste stream that is landfilled. An overview of waste that is believed to have been disposed of at 
the landfill in the past is included. Existing geologic and hydrologic conditions are discussed. 
Several environmental studies that have been performed previously are discussed. 
Chapter 4 examines both the sampling procedures used and the surface water quality 
observed at the landfill during the time of the current study. Several methods are used to analyze the 
data including observed trends, mass balance, and statistical methods. Chapter 5 discusses the 
groundwater sampling procedures and observations made on the groundwater quality noted at the 
landfill during the current study. Several methods are used to analyze the data including observed 
trends and statistical methods. Chapter 6 discusses the observed interaction between the ground and 
surface water at the site. Chapter 7 provides conclusions of the study discussed in Chapters 3, 4, and 
5 and provides recommendations for further work at the site. 
Appendix A contains the field sampling forms used to record data for this research project. 
The analytical and field data collected for surface water points during this project are included in 
Appendix B. Photographs taken of the surface water monitoring points over the two-year research 
project are included in Appendix C. The mass balance calculations for Camp Creek are found in 
Appendix D. The groundwater monitoring well analytical and field data collected for this project is 
included in Appendix E. Appendices F and G contain the Mann-Kendall plume stability analysis 
calculations for monitoring wells MW-29 and MW-30, respectively. 
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CHAPTER 2 LITERATURE REVIEW 
Landfills have long played an important part in the handling of municipal solid waste (MSW) 
worldwide. Originally termed "dumps," landfills have come a long way since the days when one 
would deposit waste on top of existing unworked land. The Solid Waste Disposal Act of 1965 put 
into place the beginning guidelines to have some degree of engineering and environmental concern in 
the construction and use oflandfills (Tchobanoglous et al., 1993). The Subtitle D Municipal Solid 
Waste Landfill Regulations enforced on October 9, 1993 have greatly modified the manner in which 
landfills are built and operated. These latest regulations cover six aspects of landfills: location, 
operation, design, groundwater monitoring and corrective action, closure and post-closure care, and 
financial assurance (40 CFR Chapter 1 Part 258). Regulating the design of landfills will aid in the 
protection of groundwater from the movement of landfill liquids into the local groundwater system 
since sanitary landfills are now required to have a combination of a clay liner and a synthetic liner 
placed above the native soil. While this should limit the migration of leachate from the fill area, sites 
filled prior to recent regulations have waste placed in unprotected cells where leachate may have 
migrated into the local water systems. Iowa state law requires MSW landfills to monitor on-site wells 
and nearby surface waters to determine if leachate is affecting the local water supply (Iowa 
Administrative Code (IAC) Chapter 103.2(4)). The basics of landfills, production of leachate, 
degradation oftetrachloroethylene (PCE), and studies performed at other landfills will be examined in 
the next sections. 
2.1 Solid Waste Composition and Degradation 
Solid waste includes all community wastes with the exception of industrial process wastes 
and agricultural wastes (Tchobanoglous et al., 1993). This can include residential, commercial, 
institutional, construction and demolition, municipal services, and treatment plant site wastes. Of 
these areas, residential and commercial wastes tend to make up 50-75 % of the waste but is dependant 
on the extent of construction and demolition activities, the extent of municipal services provided, and 
the types of water and waste water treatment processes used within the community (Tchobanoglous et 
al., 1993). The typical composition of solid wastes is shown in Table 2.1. The second and third 
columns show the typical composition of waste in 1977 and in 1990, respectively. The differences in 
solid waste composition for the two periods may be explained as the difference in the use of kitchen 
food waste grinders, plastics for the purpose of packaging, and yard waste burning which is no longer 
allowed in most communities (Tchobanoglous et al., 1993). Regardless, in both 1977 and 1990 
approximately 80% of the wastes were combustible. Table 2.1 presents the typical composition of 
6 
waste; since waste streams are not always monitored, the exact composition of waste entering most 
landfills is unknown. Commercial waste producers also utilize landfills. Table 2.2 on the following 
page lists examples of hazardous wastes generated by businesses and industries. Factors such as the 
geographical location of waste generators, season, and economic background of the area may greatly 
influence the waste entering the landfills. However, Table 2.1 and Table 2.2 provide a starting point 
in determining the typical composition entering a landfill. 
T bl 2 1 T . IC a e yp1ca ompos1tion o fS rdW 0 1 aste c o anog ous et a ., ' (Th b I 1990 1993) Typical Percent by Weight 
Component 1977 1990 
lF ood Wastes 15 9.0 
Paper 40 34.0 
Cardboard 4 6.0 
Plastics 3 7.0 
rrextiles 2 2.0 
Rubber 0.5 0.5 
Leather 0.5 0.5 
IY ard Wastes 12 18.5 
KVood 2 2.0 
Glass 8 8.0 
Metal 9 9.5 
[Dirt, Ashes and Concrete 4 3.0 
Once placed in a landfill, solid wastes undergo physical, chemical, and biological changes. 
The combustible portion of the waste is readily degradable (80%, as previously mentioned). The 
other 20% of wastes that are non-combustible, which include glass, wood, rubber, plastics, and 
synthetic textiles, degrade at a much slower rate or not at all. Degradation processes in the landfill 
include biological decomposition, dissolution, precipitation, abiotic degradation, and sorption 
(Baedecker and Back, 1979). The rate of degradation depends on many factors, including the 
composition of the waste, degree of compaction, water content, availability of oxygen, temperature, 
and presence of inhibitory substances (Salvato et al., 1971). In general, the rates of chemical and 
biological reactions in a landfill increase with temperature and the amount of moisture present 
(Tchobanoglous et al., 1977). The moisture content of solid wastes within the landfill will depend on 
the composition of the wastes, the season of the year, surface and groundwater infiltration, and the 
humidity and weather conditions (Tchobanoglous et al., 1977). With respect to precipitation, the type 
of cap or cover used for the landfill will determine the amount of infiltration. There is an optimum 
amount of moisture where by moisture is no longer beneficial to the degradation of wastes. At this 
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Table 2. 2 Examples of Hazardous Wastes Generated by Businesses and Industry 
(Geraghty & Miller, 1988) 
Waste Generator Waste Type 
Chemical Manufacturers 
Vehicle Maintenance Shops 
Printing Industry 
Leather Products Manufacturing 
Paper Industry 
Construction Industry 
Cleaning Agents and Cosmetics Manufacturing 
Furniture and Wood Manufacturing & Refinishing 
Metal Manufacturing 
Strong Acids and Bases 
Spent Solvents 
Reactive Wastes 
Heavy Metal Paint Wastes 
Ignitable Wastes 
Used Lead Acid Batteries 
Spent Solvents 
Heavy Metal Solutions 
Waste Inks 
Spent Solvents 
Spent Electroplating Wastes 
Ink Sludges Containing Heavy Metals 
Waste Toluene and Benzene 
Paint Wastes Containing Heavy Metals 
Ignitable Solvents 
Strong Acids and Bases 
Ignitable Paint Wastes 
Spent Solvents 
Strong Acids and Bases 
Heavy Metal Dusts 
Ignitable Wastes 
Flammable Solvents 
Strong Acids and Bases 
Ignitable Wastes 
Spent Solvents 
Paint Wastes Containing Heavy Metals 
Strong Acids and Bases 
Cyanide Wastes 
Sludges Containing Heavy Metals 
point under extremely wet conditions decomposition is affected and may be very slow due to the 
development of anaerobic conditions. On the other hand, MSW under dry conditions will decompose 
slowly (Ferrell and Smith, 1995). Due to the large number of variables including the composition of 
the waste, degree of compaction, water content, availability of oxygen~ and temperature that exist 
within the landfill environment, it is difficult to predict which processes will be occurring in any 
portion of a landfill at any given time. 
Despite the difficulty in predicting the conditions that exist in a landfill at any given time, the 
decomposition of solid wastes may be generalized into five phases. The aerobic and anaerobic 
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degradation phases and chemical components of an idealized, homogenous landfill cell are illustrated 
in Figure 2.1 (modified from Christensen et al., 1989). 
The organic biodegradable components in the solid waste begin to undergo bacterial 
decomposition upon placement of the waste in the landfill. This initially occurs under aerobic 
conditions and the trapped air is rapidly depleted (Tchobanoglous et al., 1977). Decomposition by 
hydrolysis allows bacteria to convert complex organic molecules to smaller, soluble ones that the 
bacteria can use for growth. Carbon dioxide and water are the primary net products of this phase, 
GAS COMPOSITION. 100.--,--,---------,-----11.--------
LEACHATE COMPOSITION ,--~------------'\,-------
Degradation phase I 1 I 2 I 3 . 
INCREASING TIME 
Figure 2.1 Degradation Phases and Chemical Components of Idealized, Homogenous 
Landfill Cell (modified from Christensen et al., 1989). 
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along with sulfate and ammonia (Baedecker and Back, 1979). Phases 2 through 4 occur in a two-
step-reducing environment where methane-generating anaerobic degradation of the waste begins. 
This process is slower and more complex than the aerobic decomposition and apparently requires 
symbiotic relations among different types of bacteria (Gaudy and Gaudy, 1980). Step one of the 
process is fermentation, by faculative bacteria, to soluble smaller molecules and then to fatty acids 
and alcohols. Step two is methane formation by obligate methanogenic bacteria. The symbiotic 
relations involve a hydrogen transfer between the two bacteria types and removal of the hydrogen. 
The removal of hydrogen prevents buildup that would be toxic to methanogens and would suppress 
fatty-acid production (Gaudy and Gaudy, 1980). Phase 5 is characterized by decreased methane 
production, increased nitrogen levels in the landfill gas, and aerobic zones in the upper layers of the 
landfill (Christensen et al., 1989). Methane formation is minimal in this phase and nitrogen diffuses 
from the atmosphere into the soil. The end products of the complete anaerobic process are methane, 
carbon dioxide, and water (Baedecker and Back, 1979). 
At any point in time, waste in different areas of the same landfill may be in different stages of 
decomposition. The stage and rate of degradation will vary from one landfill to another, depending 
on the moisture content, temperature, and site specific procedures for shredding, mixing, and 
compacting the wastes. The aerobic portion of the process may occur within a few weeks while the 
anaerobic process may see the peak methane production in 2 years and declining methane production 
for the next 25 years or more (Tchobanoglous et al., 1977). The progress of the anaerobic 
decomposition may be monitored by several environmental conditions. While in phase 2, the pH has 
been noted to be between 4.0 to 5.0 with a relatively large chemical oxygen demand and specific 
conductance ( due to the acidic solution of metals). In phases 3 and 4, methane-gas concentrations in 
the landfill increase, the pH increases to 6.6 to 7.4, and the chemical oxygen demand and the specific 
conductance decrease to where they are relatively small compared to the values noted in phase 2 
(O'Leary and Tansel, 1986). 
2.2 Leachate Production and Composition 
Leachate is defined as the liquid that has percolated through solid waste and has extracted 
dissolved or suspended materials. The leachate in landfills is composed of liquid from the 
decomposition of waste and liquid that has entered the landfill from external sources such as surface 
drainage, rainfall, groundwater, and water from underground springs (Tchobanoglous et al., 1977). 
Paper, which comprises a large amount of the waste, absorbs most of the water originally available 
within the waste. As the waste decomposes, settlement occurs. As this settlement occurs, cracks 
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appear in the cover materials, which increases the opportunity for infiltration of precipitation. Water 
may percolate downward or by lateral groundwater flow at sites where wastes have been placed 
beneath the groundwater table. The amount of leachate produced therefore depends on precipitation 
rate, infiltration rate, inflow of ground water, amount and type of refuse, type and thickness of cover 
material, and topographic setting (Tchobanoglous et al., 1977). Solids, gases, and liquids from the 
wastes are incorporated into the leachate as dissolved, suspended, or sorbed components that may be 
either miscible or immiscible. The dissolved carbon dioxide decreases the leachate pH. Hardness 
and dissolved solids are increased by the resulting dissolution of calcium carbonate and other salts, 
when present. The solvent capability of the leachate is also increased by the bacterially generated 
organic acids, which cause some metals in the landfill to dissolve (Rasmussen et al., 1994). 
Chemical and physical processes are involved in the production ofleachate. The type of 
organic compounds present in the wastes affects the chemical processes to a large extent (Baedecker 
and Back, 1979). These processes include oxidation, reduction, solution, precipitation, ion exchange, 
and sorption. The physical processes that contribute to leachate production are settlement, movement 
of evolved and ejected water, entrainment of colloidal and particulate material in percolative water, 
filtration, change of solute concentration by osmosis and concentration gradients, density separation 
of immiscible phases, and vertical and horizontal migration of gases (Helgesen et al., 1993). 
As the solid waste composition is variable, so is the leachate that results from the solid waste. 
Table 2.3 shows the typical composition ofleachate from new and mature landfills (Tchobanoglous et 
al., 1993). Sodium and potassium tend to remain in solution, unadsorbed by clay when calcium is 
present (Helgesen et al., 1993). Bicarbonate is produced directly in anaerobic reactions and 
indirectly when carbon dioxide dissolves in the leachate (Helgesen et al., 1993). Bicarbonate also 
dissolves from landfill ash, soil, and rock (Helgesen et al., 1993). Sulfate, derived from ash and 
treatment wastes, may be reduced within the landfill anaerobic environment and precipitated as 
ferrous sulfide or evolved as hydrogen sulfide gas, but is otherwise nonreactive. Chloride is 
nonreactive, and concentrations vary in leachate primarily because of dilution. Nitrogen is present 
mostly as ammonia because of conditions stemming from anaerobic degradation and the presence of 
dissolved iron (Apgar and Langmuir, 1971 ). Iron and manganese commonly are present in leachate 
in large concentrations. These constituents can be derived from wastes and also from oxide coatings 
and cements in soil and rocks (Helgesen et al., 1993). As a comparison, Table 2.4 shows typical 
values of selected organic constituents found in leachate from hazardous waste landfills (Shuckrow et 
al., 19 81). The landfill under study for this project is not a hazardous waste landfill. However, 
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Table 2.3 Typical Composition of Leachate from New and Mature Landfills (Tchobanoglous 
et al., 1993). 
Concentration (mg/L)* 
New landfill (less than 2 years) Mature landfill 
Constituent Range Typical (greater than 10 years) 
BODs 2,000 - 30,000 10,000 100-200 
TOC 1,500- 20,000 6,000 80- 160 
COD 3,000 - 60,000 18,000 100- 500 
Total suspended solids 200 -2,000 500 100-400 
Organic nitrogen 10 - 800 200 80- 120 
Ammonia nitrogen 10 - 800 200 20-40 
Nitrate 5-40 25 5 - 10 
Total phosphorous 5 - 100 30 5 - 10 
Ortho phosphorous 4-80 20 4-8 
Alkalinity as CaC03 1,000 - 10,000 3,000 200 - 1,000 
pH 4.5 -7.5 6 6.6-7.5 
Total Hardness as CaC03 300 - 10,000 3,500 200- 500 
Calcium 200 - 3,000 1,000 100 -400 
Magnesium 50 - 1,500 250 50 - 200 
Potassium 200 - 1,000 300 50- 400 
Sodium 200 - 2,500 500 100 -200 
Chloride 200 - 3,000 500 100-400 
Sulfate 50 - 1,000 300 20-50 
Total iron 50- 1,200 60 20- 200 
*Except pH, which has no units. 
Table 2.4 Organic Constituents in Leachate from Hazardous Waste Landfills (Shuckrow et al., 
1981) 
Substance Reported Concentration (µg/L) Number of Landfills 
Reported 
Benzene <1.1 - 7,370 5 
1,2-dichloroethane 2.1 - 4,500 5 
Trans-1,2- dichloroethylene 25 - 8,150 2 
1,2-dichloroethy lene 28 - 19,850 5 
Tetrachloroethylene <l - 89,155 3 
Trichloroethylene <3 - 260,000 4 
Vinyl chloride 140- 32,500 1 
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concentrations of volatile organic compounds have been noted in several of the surface and 
groundwater monitoring points. 
2.3 Possible Contamination and Degradation Products 
Based on numerous studies performed and reports written it has been evidenced that some 
landfill liners leak. It is therefore important to know how one may conclude that leachate is 
infiltrating the ground or surface water. The presence of leachate in groundwater is detected through 
the use of indicator parameters. A number of water-quality constituents and properties including 
specific conductance, chemical-oxygen demand, biochemical-oxygen demand, alkalinity, sulfate, 
chloride, chromium, iron, lead, manganese, zinc, total organic carbon, and synthetic organic 
compounds may indicate the presence of leachate in groundwater and or surface water (Ferrell and 
Smith, 1995). Synthetic organic compounds are the only parameters on this list that are not found 
naturally occurring in the environment and may be used as indicators of landfill or human use effects. 
The presence of any one of these parameters does not necessarily indicate the presence of leachate in 
the water. However, the presence of several of these parameters in the water samples with levels 
higher than typical background data are indications of possible leachate contamination. Fluctuating 
values of concentrations of indicator constituents and properties can show effects of leachate or 
changes in leachate quality associated with the various stages of solid waste decomposition. The 
initial signs of leachate in water include increased levels of specific conductance, chemical-oxygen 
demand, biochemical-oxygen demand, and chloride. Later effects will include increases in alkalinity, 
iron, manganese, and total organic carbon (Ferrell and Smith, 1995). Upon closure of the landfill, 
leachate effects on water will also change based on the changing stages of waste decomposition 
within the waste area. 
Leachate parameters in water will vary not only with time but also with space as it flows 
through the waste and ground water system. Dilution and dispersion are major factors that contribute 
to the decreased concentration of the various constituents in the leachate. Chemical reactions, 
changes in redox potential, and changes in environmental conditions cause increases, decreases, and 
transformations of various constituents (Ferrell and Smith, 1995). Ion-exchange reactions of clay 
result in preferential adsorption of ammonia, calcium, and magnesium, and release sodium and 
potassium, thereby causing increases in sodium and potassium concentrations along the flow path. 
Low pH and low redox potential cause dissolution of most metals. Large amounts of iron and 
manganese in leachate have been attributed to chemical reduction of iron and manganese oxides in 
soils rather than to iron and manganese present in wastes (Baedecker and Back, 1979). The presence 
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of nitrate or ammonia in water may be an indicator of contamination within the water. Under the 
reducing conditions typical of landfill leachate, nitrate may be reduced to ammonia (Rasmussen et al., 
1994). Dissolved organic carbon (DOC) may be an indicator of organic substances dissolved in 
water. Complexation of metals with organics and carbonate species can cause precipitation of metals 
along the flow path (Stumm and Morgan, 1981). 
Once the leachate is in contact with surface water, dilution may play a large role in lessening 
the effects. Due to this, the effect of leachate is more noticable in surface waters during periods of 
low streamflow, or less dilution. Precipitation of metals upon the change from a reducing 
environment (typical of a landfill) to an oxidizing environment (typical of surface waters) may also 
occur (Ferrell and Smith, 1995). The volatilization oflow molecular weight, organic compounds and 
ammonia are also known to happen when leachate enters surface water. Aesthetic affects may also be 
noted including iron staining on the banks and the presence of an odor. Leachate having a high 
chemical and biological-oxygen demand may contribute to reduced dissolved oxygen concentrations 
in streams (Ferrell and Smith, 1995). 
Soils may also effect the quality of the leachate that enters the water from either runoff or 
through groundwater. Many contaminants can be removed from leachate by soils, especially fine-
grained soils, due to their high adsorptive capacity (Ferrell and Smith, 1995). The daily and 
intermediate layers of soil used to cover the waste may thus act as a catch basin for some of the 
contaminants from the leachate. pH and loading rate are factors that affect the soils ability to bind 
and immobilize contaminants. Attenuation capacity generally is greatest when pH is neutral and 
decreases as pH decreases. A high pH leads to the removal of metals by precipitation. However, this 
effect is limited below the surface since the soil pores quickly fill up to where they can hold no more. 
As the velocity of the flow increases, less attenuation and dispersion ofleachate occurs (Ferrell and 
Smith, 1995). Dispersion tends to be greater in materials of high porosity than in materials oflow 
porosity (Ferrell and Smith, 1995). Clay has a large adsorptive capacity, which aids in decreasing the 
concentrations of contaminants in clay soils. For this reason, landfills with a large depth to bedrock 
tend to have less of an effect than those with bedrock at or near the surface (Ferrell and Smith, 1995). 
Leachate in bedrock can move offsite much quicker than leachate in clay and is less likely to undergo 
attenuation processes. 
2.4 Tetrachloroethylene Degradation 
Of note to this research project is the degradation of PCE due to its presence in two of the 
wells monitored. The widespread occurrence of volatile organic compounds in groundwater has led 
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to a number of field and laboratory investigations to determine the fate and behavior of these 
compounds in the natural environment (Lorah et al., 1997). It has been found that highly chlorinated 
VOC 's are microbiologically degraded most easily through reduction reactions under anaerobic 
conditions (Lorah et al., 1997). In the anaerobic conditions the chlorinated VOC's can be 
biodegraded by a reductive dehalogenation reaction called hydrogenolysis. This process consists of 
the sequential replacement of chlorine atoms by hydrogen to produce more reduced, less-chlorinated 
products (Vogel et al., 1987; Bouwer, 1992). The rate ofhydrogenolysis has been noted in general to 
decrease as the degree of chlorination of the aliphatic hydrocarbon decreases (Lorah et al., 1997). 
The chlorinated VOC's are utilized during this process by microorganisms as an electron acceptor to 
support respiration. Electron donors must be present for this process to occur. Potential electron 
donors include hydrogen, low-molecular weight organic compounds, and fuel-related compounds that 
are easily oxidized (Lorah et al., 1997). 
The process of PCE degradation is shown in Figure 2.2 as compiled by Sloto et al. (1995). 
Figure 2.3 shows the sequential replacement of a chloride with hydrogen. PCE is composed of 4 
chlorines bonded to two carbons. As hydrogenolysis occurs, one of the chlorines is replaced with a 
hydrogen. This produces TCE. The next step is the production of dichloroethylene (DCE) 
compounds. Three different DCE isomers may be present. Several studies have shown that the cis 
isomer of 1,2-dichloroethylene (cis-1,2-DCE) predominates over the trans isomer (trans-1,2-DCE) 
and that the 1-1-DCE isomer is the least significant intermediate (Bouwer, 1992). The DCE 
compounds are then reduced to vinyl chloride. Vinyl chloride can then be reduced to ethylene and 
ethane (Freedman and Gossett, 1989, de Bruin et al., 1992). Carbon dioxide, dichloromethane, and 
chloroethane are also possible end products (Parsons et al., 1984). The ethylene and ethane are 
desirable non-toxic end products; the DCE and vinyl chloride are just as toxic or more toxic than the 
TCE (Lorah et al., 1997). 
Figure 2.2 Typical Reaction Pathways for the Anaerobic Degradation of Tetrachloroethylene 
and Trichloroethylene by Reductive Dehalogenation. (Freedman and Gossett, 1989; 
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Figure 2.3 Degradation Sequence of Tetrachloroethylene 
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2.5 Chapter 567 -100 Through 110 State of Iowa Administrative Code Regarding Landfills 
The Iowa Administrative Code (IAC) includes a detailed section on the siting, design, 
permitting, operation, and closure of a municipal solid waste landfill. These laws are in place to 
protect the environment through the life of a landfill and for a minimum of 30 years after closure. 
The discussion of the IAC pertaining to landfills will be broken into sections on design, operation, 
and closure. 
2.5.1 Design 
The design of a landfill is meant to give the maximum possible protection of the natural 
environment, including water sources, throughout the operation and closure of the landfill. For this 
reason, new landfills, which are not common in Iowa, and the horizontal expansions of existing 
landfills require a very detailed hydrogeological investigation of the soil strata and groundwater 
characteristics before the actual design may begin. Soil samples are tested for permeability tests and 
grain size distribution (IAC 567-110.3(3)). The groundwater levels in the area and in-situ 
permeability tests are also performed at locations where groundwater monitoring wells are proposed 
to be installed (IAC 567-110.4(2)). After receiving approval of the hydrogeological assessment 
report, the process of the landfill design may begin. Landfills are designed from the bottom up. IAC 
567-103.2(l)d.(l) requires a composite liner system below the waste area incorporating two 
components. These components are an upper component with a minimum 30-mil flexible membrane 
liner (FML) and a lower component of at least a two-foot thick layer of compacted soil with a 
permeability of lxl0-7 cm/sec or less (IAC 567-103.2(l)d.(2)). The FML components that consist of 
high-density polyethylene need to be at least 60-mil thick and in direct contact with the compacted 
soil layer below (IAC 567-103.2(l)d.(l)). Landfills shall also be designed with a minimum of 5 foot 
separation between the base of the proposed site and the high water table unless a groundwater 
underdrain system is put into place to divert the groundwater from the fill area (IAC 567-
103.2(l)m.(2)). 
A leachate collection, storage, and treatment system must also be designed to protect the 
soils, surface water, and groundwater from leachate contamination (IAC 567-103.2(l)g.). The 
leachate collection system shall be designed so that no more than one foot of head will collect on top 
ofthe liner in the lowest areas ofthe collection system (IAC 567-103.2(1 l)a.(l)). The landfill liner 
must be sloped towards the leachate collection pipes at a slope greater than 2% but less than 10% 
with the side slopes of the landfill liner less than 25% (IAC 567-103.2(1 l)a.(2)). A drainage layer of 
a minimum of one foot of soil with a coefficient of permeability of lxlo-3 cm/sec or greater must be 
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placed directly above the landfill liner (IAC 567-103.2(1 l)a.(3)). The leachate collection pipe must 
be placed a minimum of 18 inches into the liner (IAC 567-103.2(1 l)a.(l)) and be surrounded by a 
gravel protection layer and a geotextile filter fabric (IAC 567-103.2(1 l)a.(5)). Valves need to be 
included so maintenance may be performed on the collection system (IAC 567-103.2(1 l)a.(7)) and 
the pipes need to be cleaned out once every three years (IAC 567-103.2(1 l)a.(8)). An on-site storage 
system such as tanks or a lagoon are also necessary along with a treatment option such as an 
agreement with a local publicly owned treatment works (POTW). 
The groundwater and surface water monitoring program is established as part of the design 
procedure. Downgradient groundwater monitoring wells must be located in a manner to provide a 
high level of certainty that releases of contaminants from the site may be promptly detected (IAC 
5 6 7 -110 .10( 1)). Monitoring wells must be placed within 5 0 feet of the waste boundary. A minimum 
of 3 downgradient wells monitoring the water table placed a maximum of 600 feet apart are required 
(IAC 567-110.10(2)). Ifan uppermost aquifer exists at a site, the same requirements apply (IAC 567-
110. 10(3)). A minimum of one up gradient well installed in each stratum is necessary to meet IAC 
567-110.10(5). A typical well construction for the State of Iowa is shown in Figure 2.3. 
2.5.2 Operation 
Landfill managers or operators are required to monitor the explosive gases emitted from the 
landfill. Methane concentrations cannot exceed 25 percent of the lower explosive limit (LEL) in 
facility structures and cannot exceed the LEL at the landfill property boundary (IAC 567-
103.2(15)a.(l) and (2)). Code of Federal Regulations Chapter 40 Part 60 requires that all new and 
existing municipal solid waste landfills submit a design capacity report (40CFR60.752(a)). Landfills 
with a design capacity greater than 2.5 million megagrams by mass or 2.5 million cubic meters by 
volume are required to complete a Tier 1 Assessment, which requires the calculation of the 
nonmethanogenic organic carbon (NMOC) emissions. The NMOC emission is defined in 
40CFR60.754(a)(l)(i) if the actual year-to-year solid waste acceptance rate is known or 
40CFR60.754(a)(l)(ii) if the actual year-to-year solid waste acceptance rate is unknown. If the 
emission rate is less than or equal to 50 Mg/year then an Emissions Rate Report must be submitted 
and completed annually thereafter (40CFR60.757(b)(l) and 40CFR60.752(b)(l)). If the calculated 
NMOC emission rate is greater than 50 Mg/year, two options are available. The landfill may either 
design and install a gas collection and control system immediately or try to avoid this step by 
completing a Tier 2 Assessment and determine a site-specific NMOC concentration and recalculate 
the emission rate (40CFR60.752(b)(2)). If the NMOC emission rate is still above 50 Mg/year the 
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Figure 2.4 Typical Monitoring Well Construction (IAC 567-110) 
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landfill has the option to either install a gas collection and control system or continue to Tier 3 
Assessment. Tier 3 assessments involve the determination of a site-specific methane generation rate 
constant and recalculation of the emission rate. If the NMOC emission rate is still above 50 Mg/year 
the landfill must design and install a gas collection and control system (40CFR60.752(a)). 
Once the landfill is designed and operational, periodic monitoring of the installed wells for 
any signs of contamination is required. Groundwater levels shall be measured and recorded to the 
nearest 0.01 foot every month (IAC 567-103.2(4)b.). Once a landfill has consistent groundwater level 
measurements for a minimum of a year that show only seasonal fluctuation of the groundwater levels, 
they may apply for a permit amendment to quarterly or semi-annual water level measurements. For 
surface water sites, the water level or flow rate shall be measured and recorded at the time of sample 
collection (IAC 567-103.2(4)c.). For the first year that a well or surface water monitoring point is in 
the monitoring program, quarterly analysis is required for the "d" and "e" lists. The "d" list is found 
in IAC 567-103.2(4)d. and includes: 
1. Arsenic, dissolved. 
2. Barium, dissolved. 
3. Cadmium, dissolved. 
4. Chromium, dissolved. 
5. Lead, dissolved. 
6. Mercury, dissolved. 
7. Magnesium, dissolved. 
8. Zinc, dissolved. 
9. Copper, dissolved. 
10. Benzene. 
11. Carbon tetrachloride. 
12. 1,2-Dichloroethane. 
13. Trichloroethyelene. 
14. 1, 1, 1-Trichloroethylene. 
15. 1, 1-Dichloroethyelene. 
16. Paradichlorobenzene. 
The "e" list (IAC 567-103.2(4)e.) includes: 
1. Chloride. 
2. Specific conductance (field measurement). 
3. pH (field measurement). 
4. Ammonia nitrogen. 
5. Iron, dissolved. 
6. Chemical oxygen demand. 
7. Temperature (field measurement). 
8. Any additional parameters deemed necessary by the department. 
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Annual sampling is also required for the "f' list, found in IAC 567-103.2(4)f. which includes 
total organic halogens, phenols, and any additional parameters deemed necessary by the department. 
Once the initial four quarters of sampling are complete at a monitoring location, the department will 
review the assessment provided by the landfill for the suggested monitoring program. 
A statistical method is applied to analyze the data as it is collected over the life of the landfill 
as described in IAC 567-103.2(6). The mean and standard deviation must be calculated for the 
upgradient wells analyzed for the "d" list parameters in 103.2(4)d using the first year of data. The 
mean and standard deviation for the upgradient wells sampled for "e" list parameters in 103 .2( 4 )e are 
recalculated each year as additional data is collected. If the analytical data for a downgradient well 
or surface water monitoring point does not fall within the control limits of two standard deviations 
above the mean parameter level in the corresponding upgradient monitoring point, the owner or 
operator is responsible for submitting the information to the department within 30 days of receipt of 
the analytical data (IAC 567-103.2(6)). The same applies if the upgradient well analysis does not fall 
within the control limit of two standard deviations above the mean (IAC 567-103.2(6)). If the initial 
assessment did not show any elevated levels, the typical monitoring program will consist of the "e" 
list in the spring and the "e" and "f' lists in the fall. This data is summarized in a report submitted 
semi-annually to the IDNR. 
In the event that leachate is detected in the groundwater or surface water, the owner or 
operator is required to submit a specific plan to conduct a groundwater quality assessment study at the 
facility to determine the rate of migration and the extent and composition of the leachate release (IA C 
567-103.2(9)a.). Ninety days after the completion of the groundwater assessment plan a report 
summarizing the findings shall be submitted to the IDNR. If the department determines that the 
facility is not affecting the groundwater, the routine sampling program described in the site permit is 
continued. However, if the landfill leachate is affecting the groundwater, the owner or operator shall 
continue to act under the assessment plan and develop a remedial action/mitigation plan to alleviate or 
reduce contamination to the fullest eA.1:ent possible (IAC 567-103.2(9)d.). 
2.5.3 Closure 
When a landfill is at its full capacity ( or as sections are complete) the final cover may be 
placed over the extent of the waste area. The purpose of the final cover is the opposite of the liner -
the liner is meant to keep the liquid (leachate) in the fill area and the cover is meant to keep liquid out 
of the fill area. The requirements for the cover ( or cap) are an erosion layer underlain by an 
infiltration layer (IAC 567-103.2(13)c.(l)). The infiltration layer must have a minimum of 18 inches 
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of earthen material that has a permeability less than or equal to the lowest of the permeability of the 
layers of the liner, or lx10·5 cm/sec, whichever is the least (IAC 567-I03.2(13)c.(l)). The erosion 
layer must be a minimum of six inches and capable of supporting native plant growth (IAC 567-
l 03.2(13)c.(l)). The slopes required for the final cover are designed to aid in runoff and less 
infiltration. A minimum of a 5% grade and a maximum of 25% grade are required (IAC 567-
103 .2(13)e.). Landfills typically use the 5% only at the top of the fill to allow easier operation of 
machinery and utilize the maximum 25% slope for the other areas. Terraces are also designed into 
the final cover to create energy dissipaters as the runoff travels down the slopes. Once the final cap is 
in place, landfills are still monitored for a minimum of 30 years. Annual inspections, groundwater 
water monitoring, and methane measurements are required under the conditions established in the 
closure permit. 
2.6 Case Studies at Other Municipal Solid Waste Landfills 
The study of the effects of landfills on groundwater and surrounding surface water sites has 
been performed at many different landfills. Many states require monitoring for the purpose of early 
detection of potential problems and to monitor environmental qualities. Landfills may choose to 
perform additional monitoring above that which is required by law. There are several factors that 
must be understood in order to assess the influence of the landfill on groundwater and surface water. 
The geology of the region is one factor. The rate at which contamination may migrate towards 
surface waters or underlying aquifers is dependent upon the formation on which the landfill rests. 
The upgradient groundwater quality is also important. Parameters that typically indicate 
contamination may exist in the groundwater up gradient from the landfill. Knowing this allows 
further study into whether the parameter is indigenous to the area or caused by another upgradient 
source. Several case studies from landfills where such studies have been performed are discussed 
below. 
2.6.1 North Carolina 
Due to the rapid growth of the county of Mecklenburg, North Carolina, the U.S. Geological 
Survey (USGS), in cooperation with the City of Charlotte and Mecklenburg County, performed water 
quality analysis at five landfills within the county (Ferrell and Smith, 1995). The purpose was to 
determine if the landfills were impacting the surface and groundwater quality. The study included 
evaluation of the location, history, and geology of each site. This process was followed for each of 
the five sites. A summary of the findings at four of the five sites with regards to groundwater and 
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surface water sampling were provided. The fifth site did not show appreciable effects of leachate on 
the groundwater. 
The first landfill site was the Harrisburg Road landfill. This landfill has a liner system in all 
areas except under the cell used for disposal of incinerator ash (Smith, 1993). The wastes in all areas 
were placed above the groundwater table in the unsaturated zone (Smith, 1993). At this site, the 
determination was that the water quality was not affected by the landfill in the creek downstream 
from the landfill. Streams that originated on-site, however, did show some evidence of leachate 
effects. It was noted that the dilution and various attenuation processes such as adsorption and 
bi ode gradation appeared to have contributed to the improvement of the surface-water by the time it 
reached the creek (Ferrell and Smith, 1995). Since most of the disposal activities had occurred 
recently and part of the landfill sits above saprolite, the maximum effects of leachate may not have 
occurred for several more years in the offsite downstream creek (Ferrell and Smith, 1995). In those 
creeks that appeared to be affected by the landfill, synthetic organic compounds were detected. These 
consisted mostly of total organic halogens (TOX) and pesticides. Concentrations were generally less 
than the action levels and Maximum Contaminant Limits (MCL's) (Ferrell and Smith, 1995). 
The monitoring well determined to be the most affected by leachate experienced elevated 
levels of chemical-oxygen-demand, biochemical-oxygen-demand, arsenic, chromium, copper, iron, 
manganese, and total organic carbon (Ferrell and Smith, 1995). Arsenic and chromium on the 
downgradient side of the landfill commonly exceeded the Mecklenburg County action levels (Ferrell 
and Smith, 1995). Synthetic organic compounds were also noted in wells throughout the landfill area. 
Pesticides in small concentrations were noted in several wells. Chlorinated organic compounds 
exceeded MCL's in four of the wells. An offsite domestic well that was monitored also consistently 
saw small concentrations of the chlorinated organic compounds (Ferrell and Smith, 1995). The 
author contributes the landfill to be the cause of elevated levels in only one of the five wells. 
The Holbrooks Road landfill was noted to have little effect on the nearby creek. Evaluation 
of upstream and downstream water quality samples showed similar results, other than a slight 
increase in concentrations of manganese and zinc. The peaks of chloride concentrations in two wells 
approximately 250 feet apart were used to estimate the rate of leachate movement. Based on this 
information, the rate of leachate movement had been very slow, approximately O .22 feet per day 
(Ferrell and Smith, 1995). Leachate appears to have affected water quality in the regolith and 
bedrock both on and off site. Results from a well placed at the toe of the oldest part of the landfill 
show that the water quality at that point had been improving from 1983 to 1992. Two other wells on 
site show continued degradation of water quality occurred since 1983 (Ferrell and Smith, 1995). Off 
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site water supply wells have been affected by the leachate. However, as expected since they are a 
greater distance from the landfill area and placed at a greater depth, the effects were not as great as 
those seen in the on site monitoring wells (Ferrell and Smith, 1995). It was also noted in the wells 
used to determine the rate of leachate migration that the levels of chloride and chemical-oxygen-
demand were about four and ten times smaller in the downgradient well than the upgradient well. 
This effect was attributed to dilution, dispersion, and the various attenuation processes that occur in 
the saprolite and indicates that the effects of leachate diminish with distance from the leachate source. 
The Statesville Road landfill was the oldest landfill among those studied and was active 
before the implementation of current design standards and practices (Ferrell and Smith, 1995). The 
results of the water quality monitoring from the Statesville Road landfill indicated that the landfill 
was having an impact on the creek that flows through the site. Parameters used for this determination 
include specific conductance, chemical-oxygen demand, biochemical-oxygen demand, chloride, 
sulfate, iron, manganese, and total organic carbon (Ferrell and Smith, 1995). The author also noted, 
however, that the generally decreasing trends in downstream samples for specific conductance, 
chemical-oxygen demand, biochemical-oxygen demand, chloride, ammonia, and iron and increasing 
values of pH since 1980 indicate increased water quality (Ferrell and Smith, 1995). The on site wells 
showed higher concentrations of most constituents than the off site wells and surface water sites. The 
author noted that trends seen in offsite wells could be attributed to either offsite land-use 
characteristics or to the effects of the landfill. 
The two tributaries flowing through the York Road landfill to the creek on the west side of 
the site had large concentrations of iron and manganese. The southern tributary showed an increase 
in the effects of leachate at the downstream sampling point although they were both located within 
the area of the landfill (Ferrell and Smith, 1995). Although the trends generally showed increasing 
effects of leachate in the tributaries, the biochemical-oxygen demand decreased for these sites (Ferrell 
and Smith, 1995). The creek showed only levels of iron and manganese as possible effects of 
leachate. An upstream monitoring point on the creek showed no trend while a downstream point 
showed an increasing trend of iron within the creek. Clusters of wells within the landfill waste area 
contained synthetic organic compounds. In general, samples from the monitoring wells exceeded 
action levels for iron, manganese, and chemical-oxygen demand (Ferrell and Smith, 1995). The 
authors noted that trends in the water quality of samples from the shallow ground water appeared in 
general to be increasing while those in deeper ground water appeared to be more greatly affected by 
the leachate. They went on to say that possible reasons for this trend are permeability, circulation 
rates, recharge patterns, and chemical and biological properties in regolith. 
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2.6.2 Washington 
Analysis of the water quality and effects of a nearby landfill were also studied in the 
Swinomish Indian Reservation in northwestern Washington. This investigation was performed to 
satisfy several concerns that the Swinomish Tribe had, including the concern that leachate from an in-
active landfill containing mostly household and wood-processing wastes was contaminating the 
ground water (Thomas and Cox, 1998). The findings of this study indicated that the landfill had no 
appreciable impact on the quality of the groundwater outside of the landfill. Samples from wells near 
the landfill did show high levels of iron and manganese. The authors note that these levels were 
within the natural range found in the study area. They stated the iron and manganese concentrations 
were usually low in shallow ground water since it typically contained substantial dissolved oxygen, 
which in tum created geochemical conditions in which iron remained insoluble. In the absence of 
oxygen, iron and manganese are highly soluble. The absence of oxygen can occur naturally by 
natural organic materials such as peat, which will consume oxygen while decaying. Since wood can 
have the same effect it was thought that natural geochemical processes cause the high iron and 
manganese levels (Thomas and Cox, 1998). Human-use conditions were attributed with elevated 
ammonia, nitrate, and dissolved organic carbon concentrations in two of the wells. This was based on 
their shallow depth and proximity to a septic-system drain field (Thomas and Cox, 1998). 
As part of another study in the same area, two observation wells in the landfill and one 
adjacent to the landfill were sampled. High concentrations of chloride, manganese, iron, and total 
dissolved solids were found in the two wells in the landfill (Thomas and Cox, 1998). The authors 
again attributed manganese, iron, and total dissolved solids concentrations to the decomposition of the 
wood debris and the chloride concentration source was unknown. Based on the limited available 
water quality data, it was determined that the landfill is not having an appreciable impact on the 
quality of the groundwater outside of the landfill (Thomas and Cox, 1998). The authors do note, 
however, that the data was not conclusive and that complex vertical and horizontal ground-water flow 
patterns, limited number of water samples, and the potential geochemical reactions would make it 
possible that some contamination may have spread but was not detected. 
2.6.3 Kansas 
Several landfills in Kansas have also performed studies of the effects of landfills on ground 
and surface water quality. Several of the more interesting landfill studies will be summarized below. 
The Reno County landfill, located in south-central Kansas, performed a study from August 1990 to 
March 1991. The 140 acres oflandfill area began operation in the late 1960's. The basic geology of 
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the site featured topsoil underlain by a clay or silty clay layer up to 50 feet deep, underlain by sand 
and gravel between 100-140 feet deep. Two notable effects of the leachate on the groundwater were 
noted. The concentrations of iron and manganese within the landfill property were higher than those 
from upgradient groundwater (Heck et al., 1992). The authors noted that these increased 
concentrations may have been due to the dissolution of oxide coatings on sand grains facilitated by 
probable reducing conditions under parts of the landfill. Values of specific conductance and 
dissolved-solids concentrations increased closer to Salt Creek, which flows to the north of the landfill. 
The fact that Salt Creek was a losing body of water during this study explained the specific 
conductance and dissolved-solid concentrations since the creek contained a large amount of naturally 
occurring chlorides (Heck et al., 1992). The other notable effect was the presence of organic 
compounds in the wells located within the landfill property. The organic compounds found include 
1,1-dichloroethane, TCE, vinyl chloride, and trans-1,2-DCE. Due to the location of the well with the 
largest concentrations of volatile organic compounds the authors think that the leachate from the two 
oldest portions of the landfill were contributing to the degradation of the groundwater quality. 
An interesting point was made that since the densities ofTCE and trans-1,2-DCE were 
greater than 1.2 grams per milliliter they had probably moved more vertically than horizontally. With 
the same line of thought, vinyl chloride would tend to move more horizontally since its density was 
less than 1.0 grams per milliliter (Heck et al., 1992). The authors had also noted that it was possible 
that the contamination of the groundwater did not occur at a steady rate but rather in pulses during 
periods of high precipitation, which lead to increased infiltration. Using this theory, a pulse of 
contamination can be seen in the most contaminated well with the tail end of contamination seen in 
another on-site well (Heck et al., 1992). The authors summarized that the volatile organic 
contaminants were dispersed and diluted by concentration gradients, density differences of organic 
compounds, and by ground-water movement. 
A similar study was performed at the City of Olathe Landfill in East-Central Kansas from 
1990 to 1993. The landfill covered approximately 188 acres and had been in operation since 1974. 
Limestone and shale underlie the landfill site. The result of this project showed that leachate from the 
landfill was having an effect on the water quality at downgradient locations. Wells for the study 
monitored both the upper and lower aquifers found at the site. In the lower, or deep aquifer, calcium, 
magnesium, sodium, bicarbonate, ammonia, barium, iron, and manganese concentrations were greater 
downgradient than those upgradient (Rasmussen et al., 1994). The upper aquifer also showed effects 
with elevated concentrations of dissolved solids in a monitoring well and a surface water point. The 
authors suggested that the larger dissolved solids concentrations may have been due to the dissolution 
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of the minerals found in shale (used as cover material) by reducing conditions under parts of the 
landfill. Calcium concentrations increased and sodium concentrations decreased as the groundwater 
moved below the landfill. This may be attributed to the leachate moving downward to mix with the 
underlying groundwater and by an ion-exchange process within the aquifer (Rasmussen et al., 1994). 
Since water quality samples had similar characteristics to the downgradient wells, it is 
indicated that the landfill may also be affecting the creeks (Rasmussen et al., 1994). Surface water 
samples downstream also had greater inorganic constituent concentrations than those obtained 
upstream from the landfill. Volatile organic compounds were observed in wells from the deep 
aquifer. The authors state that this indicates that the leachate from the old section of the landfill is 
contributing to the pollution of the groundwater. Benzene was detected in all wells sampled. Since 
the largest concentrations were noted in the wells upgradient of the landfill, it is assumed that the 
contamination comes from another source, such as the equipment storage building where fuels and 
solvents are stored (Rasmussen et al., 1994). 
Another landfill in south-central Kansas, the Sumner County Landfill, was studied from 
1989-1990. This landfill had 150 acres and had been in operation since the I970's. The upper layers 
of the geology consisted of red sandy silt and clay underlain by sand and gravel, followed by blue 
shale (Myers et al., 1993). The inorganic water quality was related to the geological features at this 
site (Myers et al., 1993). However, indications still existed that leachate was impacting the water 
quality in this region. Concentrations of hardness, calcium, magnesium, sodium plus potassium, 
bicarbonate, sulfate, chloride, and dissolved solids were greater downgradient of the landfill than in 
the upgradient wells. The authors noted that these larger concentrations may have been due to landfill 
effects or that they could have resulted from the mixing of two layers of water at the landfill (with the 
exception of bicarbonate). Manganese levels were also increased downgradient from upgradient 
levels. The presence of volatile organic compounds in greater concentration downgradient of the 
landfill was another indication that the leachate is affecting the groundwater (Myers et al., 1993). The 
concentrations decreased in the wells the further from the fill area that they were. This was presumed 
to be due to mechanical dispersion, dilution by recharge from precipitation, volatilization and 
degradation of the organic compounds, and mixing with unaffected groundwater (Myers et al., 1993). 
2. 7 Case Studies at Other Municipal Solid Waste Landfills in Iowa 
Per the IAC, ground and surface water sampling must be completed at all MSW landfills in 
the state of Iowa during the operating life and for a 30-year post-closure period. This data is 
collected, summarized, and submitted to the IDNR on a semi-annual basis once baseline quarterly 
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sampling is complete. Based on work experience, a number oflandfills monitored in the state of 
Iowa show no appreciable impact on waters determined by the parameters sampled. Five landfills 
within the state of Iowa will be examined to determine their apparent effect ( or lack thereof) on the 
local water system. Figure 2.4 shows the location of the landfills studied in Iowa. Four of these 
landfills have a leachate collection system and analytical data regarding the leachate quality. 
2. 7 .1 Iowa Landfills Overview 
Audubon County Sanitary Land.fill 
The Audubon County Sanitary Landfill is located approximately one mile south of the City of 
Audubon, Iowa. The site is located in the Southern Iowa Drift Plain, which is characterized by steep 
rolling topography with areas oflevel upland divides and alluvial lowlands (Green Environmental 
Services, 1992). The landfill is situated on a ridge, which drains to an unnamed tributary of 
Bluegrass Creek that joins the East Nishnabotna River three miles southeast of the site (Green 
Environmental Services, 1992). The groundwater table varies from 4.5 to 31 feet below ground. 
Flow is generally from the south to the northwest. The site was permitted in 1975 for solid waste 
operations. The site is comprised of 56-acres, approximately 31 of which have been completed as 
landfill cells and closed. The remaining 25-acres is the current operation area of the site, including 
the scale house, recycling center, and landfilling activities. 
The Audubon County Sanitary Landfill received an average of3,400 tons of waste per year 
for 1998 and 1999. The current landfill permit allows white goods, scrap metal, and lead-acid 
batteries to be temporarily stored for collection and recycling by an Iowa scrap dealer (Green 
Environmental Services, 1992). Tires and waste oil are also collected on site. Brush and unfinished 
lumber is permitted for temporary storage for the purpose of grinding into mulch. Yard waste is 
permitted to be land applied at the site. Audubon County participates in an active recycling program. 
Bins are located in several towns throughout the county to collect items such as newsprint, glass, tin 
cans, and plastics. 
A leachate collection system was installed at the Audubon County Sanitary Landfill in 1995. 
This system consists of a four-foot clay liner and six-inch perforated leachate collection pipe with 
laterals extending into the waste. The liquid collected drains into a storage lagoon in the approximate 
center of the north side of the site. This system has collected approximately 1,105,500 gallons of 
leachate since its inception. The leachate is hauled once a year, when needed, to the Audubon 
Wastewater Treatment System. 




Cass County Sanitary Land.fill 
The Cass County Sanitary Landfill is owned and operated by the Cass County Environmental 
Control Agency. The landfill is located southeast of Atlantic, Iowa. The site is comprised of 89-
acres, approximately 25 of which have solid waste. The remaining 64-acres are the current operation 
area of the site, including the scalehouse, recycling area, and future balefill operation center. 
The site is located in the Southern Iowa Drift Plain, which is characterized by steep rolling 
topography with areas oflevel upland divides and alluvial lowlands (Green Environmental Services, 
1992). Surface water drainage from the waste fill area drains towards the Eller Branch Creek north of 
the landfill property. Eller Branch Creek is a tributary of Turkey Creek. The drainage area ofthe 
Eller Branch Creek is approximately I 1. 1 square miles (James M. Montgomery, April 1991). The 
groundwater table is 15 to 40 feet below ground. Groundwater typically flows from the south to the 
northeast. 
The Cass County Sanitary Landfill receives an average of 8,300 tons of waste per year. The 
landfill is permitted to receive petroleum contaminated soil and asbestos waste for disposal. The 
current landfill permit allows white goods, scrap metal, and lead-acid batteries to be temporarily 
stored for collection and recycling by an Iowa scrap dealer. Tires, waste oil, and spent radiator 
antifreeze are also collected on site. Yard waste is permitted to be land applied at the site. Cass 
County also participates in an active recycling program. Bins are located in several towns throughout 
the county to collect items such as newsprint, glass, tin cans, and plastics. The Cass County 
Recycling Center located in Atlantic, Iowa provides a site for the sorting and processing of recycled 
goods. The landfill has used recycled crushed glass as a road base for the haul roads to reduce 
maintenance costs. 
The site permit for the Cass County Sanitary Landfill conditionally exempts the landfill from 
needing a leachate collection system for areas that received wastes prior to July I, 1992 (IDNR Site 
Permit #15-SDP-l-75P). 
Crawford County Sanitary Landfill 
The Crawford County Sanitary Landfill is owned and operated by the Crawford County Area 
Solid Waste Agency. The landfill is located approximately two miles northwest of Denison, Iowa 
and receives solid waste generated within Crawford County. The site opened in 1971 with a ravine 
fill operation in the southwest portion of the landfill site. The ravine bottom was excavated at an 
approximate grade of two percent (Green Environmental Services, 1992). The western portion of the 
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landfill was completed prior to 1989. The northeastern area is the current fill area. Approximately 30 
of 136 acres at the site have received solid waste. 
Surface water runoff drains into a tributary of Buffalo Creek north of the existing fill area. 
The drainage area of Buffalo Creek is 31.6 square miles (Green Environmental Services, 1992). 
Based on boring logs collected at the site, the upper soils are predominantly Peorian Loess underlain 
by till. Sand seams have been noted at several locations at the site. The groundwater table varies 
from 16 to 45 feet below ground across the site. The general groundwater flow is southwest to 
northeast. 
The Crawford County Sanitary Landfill receives approximately 11,000 tons per year of solid 
waste. The landfill is permitted to receive petroleum contaminated soil and asbestos waste for 
disposal. The landfill collects recyclable items that are then taken to a recycling facility in Carroll 
County, Iowa. Trees, tree trimmings, and brush are permitted for collection and burning at this site. 
Waste tires are permitted for temporary storage until they can be hauled off site for recycling or 
landfilled. Lead-acid batteries, white goods, and scrap metal are also approved for temporary storage. 
The Crawford County Sanitary Landfill installed a leachate collection system in 1995. The 
system collects leachate pumped from three leachate extraction wells in a lagoon in the north corner 
of the site. The lagoon is pumped as needed and leachate is hauled to the City of Denison publicly 
owned treatment works (POTW). A total of 694,574 gallons were hauled in 1999 and 2000. 
Des Moines County Regional Sanitary Landfill 
The Des Moines County Regional Sanitary Landfill is owned and operated by the Des 
Moines County Regional Sanitary Landfill Commission. The landfill is located approximately six 
miles northwest of Burlington, Iowa and receives solid waste generated within Des Moines County. 
The site development is divided into four periods beginning in 1964 as the City-County Landfill and 
continuing through the present with a horizontal expansion that will provide approximately another 
50 years of life. Approximately 50 of 250 acres at the site have received solid waste. 
Surface water runoff in general drains into a tributary half a mile from Flint Creek east of the 
landfill. Soil borings at the site show a loess formation in the upland areas approximately eight to ten 
feet thick underlain by glacial till from the Illinoian, Kansan, and Nebraskan glaciation periods 
(Geotechnics, 1988). The glacial till is generally a sandy, silty clay containing pebbles and 
occasional boulders (Geotechnics, 1988). The groundwater table varies from 3 to 54 feet below 
ground across the site. The general groundwater flow is southwest to northeast. 
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The Des Moines County Sanitary Landfill receives on average approximately 53,000 tons per 
year of solid waste. The landfill is permitted to receive petroleum contaminated soil and asbestos 
waste for disposal. Trees, tree trimmings, and brush are approved for wood processing to be used for 
on-site erosion control activities. Composting of yard waste is permitted in a designated area. White 
goods, lead acid batteries, waste tires, and scrap metal are approved for temporary storage. A 
recycling center is located in West Burlington, Iowa and accepts glass, newspaper, HDPE, PET, 
cardboard, mixed office paper, and aluminum and tin cans. 
The Des Moines County Sanitary Landfill has several leachate storage and treatment lagoons 
on site. The landfill has a NPDES permit to discharge directly into the tributary to Flint Creek 
provided certain analytical parameters are met. In the case that they are not met, a treatment 
agreement is in place with the Burlington POTW. 
North Dallas Sanitary Landfill 
The North Dallas Sanitary Landfill operates as a privately owned sanitary landfill. The 
landfill is a 150-acre site located in the southwest comer of Boone County, Iowa and southeast comer 
of Greene County, Iowa five miles northwest of the City of Perry. The site has been accepting waste 
since 1934 when it opened as a city dump. The site was originally permitted in 1975. Approximately 
58 acres are permitted for solid waste disposal. 
Surface water at the site drain off into the North Raccoon River south of the site. The 
stratigraphy at the site generally consists of glacial till deposits overlaying Pennsylvanian age shale 
(Green Environmental Services, 1993). Alluvial deposits replace the glacial till and overlay the shale 
in the southwestern extents by the North Raccoon River (Green Environmental Services, 1993). The 
groundwater table varies from 5 to 45 feet below ground across the site. The general groundwater 
flow is northeast to southwest. 
The North Dallas Sanitary Landfill receives approximately 13,500 tons per year of solid 
waste. The landfill is permitted to receive petroleum contaminated soil and asbestos waste for 
disposal. Wood chipping of wood waste is permitted for reuse as landscape material, mulch, and road 
stabilization in designated areas. Roofing material is also approved under certain conditions for 
grinding and use as a road base. White goods are approved for temporary storage and removal. 
The North Dallas Sanitary Landfill installed a leachate collection system in 1999. The 
system collects leachate from a toedrain installed in the southwest comer and drains into a lagoon on 
the south side of the site. The lagoon will be pumped as needed. A leachate treatment agreement has 
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been set up with the City of Perry publicly owned treatment works (POTW). Leachate has not been 
hauled since the construction of the lagoon. 
2. 7 .2 Groundwater Quality 
Table 2.5 lists the range and average for monitored parameters in the groundwater and 
surface water at the landfills in Iowa previously mentioned. In cases where a parameter was 
determined to be non-detect by laboratory standards, half of the non-detect value was used to 
determine the range and average. The first eight parameters (pH through total organic halogens) are 
part of the "e" and "f' lists monitored on a semi-annual basis at landfills in Iowa per IAC. The 
remainder of the parameters are either found in the "d" list (sampled quarterly for the first year a 
monitoring point is in use) or site specific requirements. A cursory glance through these results 
shows the large variation that exists both on site and between sites. The Audubon County landfill to 
date appeared to have no significant effect on the surrounding water quality. The remaining four 
appeared to have had some noticeable effect, though not necessarily harmful to the surrounding 
environment. The surface water quality data showed values considerably less than the groundwater 
monitoring data, with the exception of pH. This was not surprising due to aeration and dilution of 
any quantity of leachate that was present in the surface water. 
2. 7. 3 Leachate Quality 
Table 2.6 lists the leachate analytical results from three of the Iowa landfills described earlier. 
The leachate sample analysis is typically performed as a requirement for the publicly owned 
treatment works (POTW) the landfill uses to treat the leachate. The exact parameters sampled may 
therefore vary from site to site. Unlike with groundwater, total metals are measured and not dissolved 
metals. This is for treatment purposes at the POTW and since the soil matrix tends to act as a filter 
for metals in groundwater. Comparison with the limited groundwater and surface water data from 
these landfills show several differences from the leachate. The leachate at the three sites (Audubon, 
Crawford, and North Dallas) appears to exhibit a higher pH than the groundwater and surface water. 
Chemical oxygen demand, chloride, and ammonia nitrogen at these sites also occur at significantly 
greater concentrations in the leachate than the ground or surface water. Boron levels are not checked 
in groundwater and surface waters but is also believed to be an indicator parameter. The total 
magnesium in the leachate at the Crawford County landfill fell within the range of the dissolved 
magnesium in the groundwater. At the North Dallas landfill the total magnesium concentration in the 
leachate was lower than the dissolved magnesium concentration in both the ground and surface water. 
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Table 2.5 Characteristics of Other Iowa Landfill Water 
Groundwater 
Number 
Parameter Landfill ofWells Min. 
pH(S.U.) Audubon Co.1 8 5.96 
CassCo.2 9 5.82 
Crawford Co. 3 7 5.99 
Des Moines Co.4 18 4.08 
North Da1tas5 17 5.10 
Specific Audubon Co.1 8 260 
Conductance (umhos/cm) CassCo.2 9 120 
Crawford Co.3 7 618 
Des Moines Co.4 18 330 
North Da1las5 17 310 
Chemical Oxygen Audubon Co.1 8 2.5 
Demand(mg/L) CassCo.2 9 2.5 
Crawford Co. 3 7 2.5 
Des Moines Co.4 18 2.0 
North Dal1as5 17 2.5 
Chloride (mg/L) Audubon Co.1 8 2.5 
CassCo.2 9 2.5 
Crawford Co. 3 7 2.5 
Des Moines Co.4 18 2.0 
North Da1las5 17 2.5 
Nitrogen. Ammonia (mg/L) Audubon Co.1 8 0.10 
CassCo.2 9 0.10 
Crawford Co.3 7 0.10 
Des Moines Co.4 18 0.10 
North Da11as5 17 0.10 
lron(mg/L) Audubon Co.1 8 0.02 
CassCo.2 9 0.01 
Crawford Co. 3 7 0.05 
Des Moines Co.4 18 0.00 
North Da1las5 17 0.02 
Total Phenols (mg/L) Audubon Co.1 8 0.00 
CassCo.2 9 0.00 
Crawford Co. 3 7 0.01 
Des Moines Co.4 18 0.01 
North Da1las5 17 0.01 
Total Organic Audubon Co.1 8 0.005 
Halogens (mg/L) CassCo.2 9 0.005 
Crawford Co. 3 7 0.005 
Des Moines Co.4 18 0.005 
North Da1las5 17 0.005 
Benzene (µg/L) Audubon Co.1 8 NA 
CassCo.2 9 o.s 
Crawford Co. 3 7 0.3 
Des Moines Co.4 18 NA 
North Da1las5 17 0.3 
(1) Sampling data ranges from Apnl 1991 through March 2001 
(2) Sampling data ranges from February 1994 through March 2001 
(3) Sampling data ranges from October 1994 through October 2000 
(4) Sampling data ranges from November 1993 through March 2001 
(5) Sampling data ranges from April 1996 through March 2001 

















































Av'1.. ofSW Min. Max. Av'1,. 
7.22 3 6.38 8.96 7.87 
6.91 2 6.59 8.76 7.66 
7.22 2 7.24 10.44 8.39 
7.13 3 6.25 8.91 7.77 
7.28 5 5.40 9.13 7.81 
859 3 230 976 498 
983 2 170 4300 538 
1939 2 565 1340 749 
1497 3 270 3610 960 
1394 5 310 1910 831 
8.9 3 2.5 21.0 7.9 
28.4 2 2.5 13.0 5.0 
13.6 2 2.5 12.0 5.0 
33.7 3 2.5 160.0 35.8 
17.1 5 2.5 37.0 12.3 
48.5 3 5.0 21.0 10.3 
74.5 2 5.0 24.0 8.2 
236.8 2 2.5 57.0 16.7 
46.2 3 5.0 514.0 51.7 
22.3 5 5.0 97.0 27.7 
0.73 3 0.10 1.20 0.20 
1.55 2 0.10 0.61 0.22 
0.30 2 0.10 0.10 0.10 
2.19 3 0.10 41.00 3.44 
2.50 5 0.02 31.00 2.21 
0.09 3 0.02 0.42 0.07 
3.90 2 0.01 0.27 0.07 
11.04 2 0.05 0.05 0.05 
3.10 3 0.05 7.20 1.01 
5.50 5 0.02 18.00 . 0.57 
0.01 3 0.00 0.05 0.01 
0.02 2 0.00 0.05 0.01 
0.01 2 0.01 0.01 0.01 
0.18 3 0.01 0.50 0.14 
0.02 5 0.01 0.10 0.02 
0.018 3 0.005 0.020 0.007 
0.100 2 0.005 0.020 0.006 
0.056 2 0.005 0.019 0.009 
0.054 3 0.010 0.170 0.050 
0.040 s 0.005 0.045 0.015 
NA 3 NA NA NA 
1.S 2 o.s 0.5 0.5 
1.0 2 0.5 0.5 0.5 
NA 3 NA NA NA 
0.5 5 0.5 0.5 0.5 
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Table 2.5 Characteristics of Other Iowa Landfill Water (continued) 
Groundwater 
Number 
Parameter Landfill ofWells Minimwn 
1,.2-Dichloroetbane (µg/L) Audubon Co.1 8 NA 
CassCo.2 9 NA 
Crawford Co. 3 7 0.2 
Des Moines Co.4 18 0.5 
North Dallas5 17 0.2 
1.1-Dichloroethene (µg/L) Audubon Co. 1 8 NA 
CassCo.2 9 NA 
Crawford Co.3 7 0.5 
Des Moines Co.4 18 0.5 
North Dallas5 17 0.5 
Cis-1,.2-DCE (µg/L) Audubon Co.1 8 NA 
CassCo.2 9 NA 
Crawford Co.3 7 4.1 
Des Moines Co. 4 18 0.5 
North Dallas5 17 NA 
Trans-1,.2-DCE (µg/L) Audubon Co. 1 8 NA 
CassCo.2 9 NA 
Crawford Co. 3 7 0.5 
Des Moines Co.4 18 0.5 
North Da1Ias5 17 NA 
PCE (µg/L) Audubon Co.1 8 NA 
Cass Co.2 9 NA 
Crawford Co. 3 7 NA 
Des Moines Co.4 18 0.5 
North Dallas5 17 NA 
TCE(µg/L) Audubon Co. 1 8 NA 
CassCo.2 9 NA 
Crawford Co. 3 7 0.5 
Des Moines Co.4 18 0.5 
North Da1Ias5 17 0.5 
Vinyl Chloride (µg/L) Audubon Co.1 8 NA 
CassCo.2 9 NA 
Crawford Co. 3 7 0.2 
Des Moines Co.4 18 0.5 
North Dallas5 17 NA 
AISenic(mg/L) Audubon Co. 1 8 NA 
CassCo.2 9 NA 
Crawford Co.3 7 0.0005 
Des Moines Co.4 18 0.0005 
North Da1las5 17 0.0005 
Barium (mg.IL) Audubon Co. 1 8 NA 
CassCo.2 9 NA 
Crawford Co. 3 7 0.03 
Des Moines Co.4 18 0.15 
North Da1las5 17 0.03 
( l) Sampling data ranges from April 1991 through March 200 l 
(2) Sampling data ranges ftom February 1994 through March 2001 
(3) Sampling data ranges ftom October 1994 through October 2000 
(4) Sampling data ranges ftom November 1993 through March 2001 
(5) Sampling data nmges ftom April 1996 through March 2001 































































































Minimwn Maximum Avera~e 
NA NA NA 
NA NA NA 
0.2 0.2 0.2 
0.5 o.s 0.5 
0.5 0.5 0.5 
NA NA NA 
NA NA NA 
0.5 0.5 0.5 
0.5 1.0 0.7 
o.s o.s 0.5 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
0.5 0.5 o.s 
0.5 0.5 0.5 
0.5 o.s 0.5 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
0.0025 0.0025 0.0025 
0.0005 0.0058 0.0023 
0.0005 0.0025 0.0018 
NA NA NA 
NA NA NA 
0.13 0.21 0.16 
0.10 0.25 0.21 
0.08 0.15 0.11 
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Table 2.5 Characteristics of Other Iowa Landf"ill Water (continued) 
Growdwater 
Number 
Parameter Landfill ofWeHs Minimmn 
Cadmium (mg/L) Audubon Co.1 8 NA 
CassCo.2 9 NA 
Crawford Co. 3 7 0.0003 
Des Moines Co.4 18 0.0003 
North Da1las5 17 0.0003 
Chromium (mg/L) Audubon Co. 1 8 NA 
Cass Co.2 9 NA 
Crawford Co. 3 7 0.00 
Des Moines Co.4 18 0.00 
North Dallas5 17 0.00 
Copper (mg/L) Audubon Co.1 8 NA 
Cass Co.2 9 NA 
Crawford Co. 3 7 0.010 
Des Moines. Co.4 18 0.010 
North Da1Jas5 17 0.010 
Lead(mg/L) Audubon Co.1 8 NA 
Cass Co.2 9 NA 
Crawford Co.3 7 0.0025 
Des Moines Co.4 18 0.0025 
North Da1las5 17 0.0020 
Magnesium (mg/L} Audubon Co.1 8 NA 
CassCo.2 9 NA 
Crawford Co.3 7 28 
Des Moines Co.4 18 2 
North Dallas5 17 35 
Mercury (mg/L) Audubon Co.1 8 NA 
CassCo.2 9 NA 
Crawford Co.3 7 0.00010 
Des Moines Co.4 18 0.00010 
North Dallas5 17 0.00010 
Zinc(mg/L} Audubon Co. 1 8 NA 
CassCo.2 9 NA 
Crawford Co.3 7 0.010 
Des Moines Co.4 18 0.025 
North Dallas5 17 0.010 
1,4-Dichlorobenzene (µg/L) Audubon Co.1 8 NA 
CassCo.2 9 NA 
Crawford Co.3 7 0.5 
Des Moines Co. 4 18 0.5 
North Dallas5 17 0.5 
Carbon Tetrachloride (µg/L) Audubon Co.1 8 NA 
Cass Co.2 9 NA 
Crawford Co. 3 7 0.2 
Des Moines Co. 4 18 0.2 
North Dallas5 17 0.2 
(1) Sampling data ranges from Apnl 1991 through March 2001 
(2) Sampling data ranges from February 1994 through March 2001 
(3) Sampling data ranges from October 1994 through October 2000 
(4) Sampling data ranges from November 1993 through March 2001 
(5) Sampling data ranges from April 1996 through March 2001 































































































Minimum Maximum Avera2e 
NA NA NA 
NA NA NA 
0.0003 0.0005 0.0003 
0.0003 0.0005 0.0004 
0.0003 0.0003 0.0003 
NA NA NA 
NA NA NA 
0.00 0.01 0.01 
0.00 0.05 0.03 
0.00 0.00 o.oo 
NA NA NA 
NA NA NA 
0.010 0.010 0.010 
0.010 0.025 0.020 
0.010 0.010 0.010 
NA NA NA 
NA NA NA 
0.0025 0.0025 0.0025 
0.0025 0.0055 0.0033 
0.0025 0.0025 0.0025 
NA NA NA 
NA NA NA 
33 43 37 
12 130 60 
21 54 36 
NA NA NA 
NA NA NA 
0.00010 0.00010 0.00010 
0.00010 0.00015 0.00013 
0.00010 0.00050 0.00014 
NA NA NA 
NA NA NA 
0.010 0.032 0.013 
0.010 0.050 0.023 
0.010 0.010 0.010 
NA NA NA 
NA NA NA 
0.5 0.5 0.5 
0.5 54.0 5.0 
0.5 0.5 0.5 
NA NA NA 
NA NA NA 
0.2 0.2 0.2 
0.2 0.5 0.4 
0.5 0.5 0.5 
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Table 2.6 Leachate Analytical Results from Selected Iowa Landfills 
Para.met.er Landfill Date Leachate 
pH(S.U.) Audubon Co. 4/13/1998 NA 
Audubon Co. 4/22/1999 8.19 
C.rawford Co. 11/23/1998 NA 
Crawford Co. 6/2/1999 NA 
Crawford Co. 10/3/2000 7.6 
North Dallas 10/3/2000 9.5 
COD(mg/L) Audubon Co. 4/13/1998 160 
Audubon Co. 4/22/1999 110 
Crawford Co. 11/23/1998 40.2 
Crawford Co. 6/2/1999 33.0 
Crawford Co. 10/3/2000 140.0 
North Dallas 10/3/2000 140.0 
Chloride (mg/L) Audubon Co. 4/13/1998 164 
Audubon Co. 4/22/1999 190 
C.rawford Co. 11/23/1998 964 
Crawford Co. 6/2/1999 814 
Crawford Co. 10/3/2000 130 
North Dallas 10/3/2000 22 
.Ammonia Nitrogen (mg/L) Audubon Co. 4/13/1998 10 
Audubon Co. 4/22/1999 15 
Crawford Co. 11/23/1998 NA 
Crawford Co. 6/2/1999 NA 
Crawford Co. 10/3/2000 8.5 
North Dallas 10/3/2000 <1.0 
Nitrate as N (mg/L) Audubon Co. 4/13/1998 NA 
Audubon Co. 4/22/1999 NA 
CrawfordCo. 11/23/1998 NA 
Crawford Co. 6/2/1999 NA 
Crawford Co. 10/3/2000 <10 
North Dallas 10/3/2000 <1.0 
Benzene; ug/L Audubon Co. 4/13/1998 <5 
Audubon Co. 4/22/1999 <5 
Crawford Co. 11/23/1998 <1.0 
Crawford Co. 6/2/1999 <1.0 
Crawford Co. 10/3/2000 <1.0 
North Dallas 10/3/2000 <1.0 
1,2-Dichloroethane; ug/L Audubon Co. 4/13/1998 NA 
Audubon Co. 4/22/1999 <5 
Crawford Co. 11/23/1998 <0.4 
Crawford Co. 6/2/1999 <0.4 
Crawford Co. 10/3/2000 <0.4 
North Dallas 10/3/2000 <0.4 
1,1-Dichloroethene; ug/L Audubon Co. 4/13/1998 <5 
Audubon Co. 4/22/1999 <5 
Crawford Co. 11/23/1998 <1.0 
Crawford Co. 6/2/1999 <1.0 
Crawford Co. 10/3/2000 <1.0 
North Dallas 10/3/2000 <1.0 
Cis-1,2-Dichloroethene; ug/L Audubon Co. 4/13/1998 NA 
Audubon Co. 4/22/1999 NA 
Crawford Co. 11/23/1998 <1.0 
Crawford Co. 6/2/1999 NA 
Crawford Co. 10/3/2000 <1.0 
North Dallas 10/3/2000 <1.0 
NA - Indicates Data Not Available 
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Table 2.6 Leachate Analytical Results from Selected Iowa Landfills i' continued) 
Parameter Landfill Date Leachate 
Trans-1,2-Dichloroethene; ug/L Audubon Co. 4/13/1998 NA 
Audubon Co. 4/22/1999 NA 
Crawford Co. 11/23/1998 <1.0 
Crawfoni Co. 6/2/1999 NA 
Crawford Co. 10/3/2000 <1.0 
North Dallas 10/3/2000 <1.0 
Tetrachloroethene;ug/L Audubon Co. 4/13/1998 NA 
Audubon Co. 4/22/1999 <S 
Crawford Co. 11/23/1998 <1.0 
Crawford Co. 6/2/1999 NA 
Crawford Co. 10/3/2000 <1.0 
North Dallas 10/3/2000 <1.0 
Trichloroethlyene; ug/L Audubon Co. 4/13/1998 <S 
Audubon Co. 4/22/1999 <S 
Crawford Co. 11/23/1998 <1.0 
Crawford Co. 6/2/1999 NA 
Crawfoni Co. 10/3/2000 <1.0 
North Dallas 10/3/2000 <1.0 
Vinyl Chloride; ug/L Audubon Co. 4/13/1998 NA 
Audubon Co. 4/22/1999 <S 
Crawfoni Co. 11/23/1998 <1.0 
Crawfoni Co. 6/2/1999 NA 
Crawfoni. Co. 10/3/2000 <1.0 
North Dallas 10/3/2000 NA 
Carbon Tetrachloride; ug/L Audubon Co. 4/13/1998 <S 
Audubon Co. 4/22/1999 <S 
Crawfoni Co. 11/23/1998 <0.3 
Crawford Co. 6/2/1999 <0.3 
Crawfoni Co. 10/3/2000 <0.3 
North Dallas 10/3/2000 <0.3 
1,1,1-Trichloroethane; ug/L Audubon Co. 4/13/1998 <S 
Audubon Co. 4/22/1999 <S 
Crawfoni Co. 11/23/1998 <1.0 
Crawfoni Co. 6/2/1999 <1.0 
Crawfoni Co. 10/3/2000 <1.0 
North Dallas 10/3/2000 <1.0 
1,4-Dichlorobenzene; ug/L Audubon Co. 4/13/1998 NA 
Audubon Co. 4/22/1999 <S 
Crawford Co. 11/23/1998 <10.0 
Crawford Co. 6/2/1999 <1.0 
Crawford Co. 10/3/2000 <10.0 
North Dallas 10/3/2000 <10.0 
Tetrachloroethane; ug/L Audubon Co. 4/13/1998 NA 
Audubon Co. 4/22/1999 <S 
Crawfoni Co. 11/23/1998 NA 
Crawford Co. 6/2/1999 NA 
Crawford Co. 10/3/2000 NA 
North Dallas 10/3/2000 NA 
Kjeldahl Nitrogen; mg/L Audubon Co. 4/13/1998 25 
Audubon Co. 4/22/1999 31 
Crawford Co. 11/23/1998 <10.0 
Crawford Co. 6/2/1999 NA 
Crawfoni Co. 10/3/2000 16.0 
North Dallas 10/3/2000 NA 
NA- Indicates Data Not Available 
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Table 2.6 Leachate Analytical Results from Selected Iowa Landfills ( continued) 
Pammeter Landfill Date Leachate 
Solids, Dissolved; mg/L Audubon Co. 4/13/1998 NA 
Audubon Co. 4/22/1999 914 
Crawfoni Co. 11/23/1998 2,010 
Crawfoni Co. 6/2/1999 NA 
Crawfoni Co. 10/3/2000 2,570 
North Dallas 10/3/2000 207 
Total Organic Carl>on {TOC); mg/L Audubon Co. 4/13/1998 NA 
Audubon Co. 4/22/1999 NA 
Crawfoni Co. 11/23/1998 8.1 
Crawfoni Co. 6/2/1999 NA 
Crawford Co. 10/3/2000 31.6 
North Dallas 10/3/2000 32.2 
Boron;mg/L Audubon Co. 4/13/1998 0.93 
Audubon Co. 4/22/1999 NA 
Crawfoni Co. 11/23/1998 0.315 
Crawfoni Co. 6/2/1999 0.281 
Crawfoni Co. 10/3/2000 NA 
North Dallas 10/3/2000 NA 
Magnesium; mg/L Audubon Co. 4/13/1998 60 
Audubon Co. 4/22/1999 37 
Crawfoni Co. 11/23/1998 107 
Crawford Co. 6/2/1999 86.0 
Crawford Co. 10/3/2000 168.0 
North Dallas 10/3/2000 7.09 
Nickel; mg/L Audubon Co. 4/13/1998 <0.1 
Audubon Co. 4/22/1999 0.02 
Crawfoni Co. 11/23/1998 <0.0S 
Crawford Co. 6/2/1999 <O.OS 
Crawfoni Co. 10/3/2000 <O.OOS 
North Dallas 10/3/2000 <O.OS 
Selenium; mg/L Audubon Co. 4/13/1998 <0.01 
Audubon Co. 4/22/1999 <0.01 
Crawfoni Co. 11/23/1998 <0.005 
Crawfoni Co. 6/2/1999 NA 
Crawfoni Co. 10/3/2000 <0.005 
North Dallas 10/3/2000 <O.OOS 
BOD - Five Day; mg/L Audubon Co. 4/13/1998 40 
Audubon Co. 4/22/1999 <8 
Crawford Co. 11/23/1998 NA 
Crawford Co. 6/2/1999 NA 
Crawfoni Co. 10/3/2000 15.0 
North Dallas 10/3/2000 NA 
Cyanide, Total; mg/L Audubon Co. 4/13/1998 NA 
Audubon Co. 4/22/1999 <0.01 
Crawford Co. 11/23/1998 NA 
Crawforo Co. 6/2/1999 NA 
Crawford Co. 10/3/2000 NA 
North Dallas 10/3/2000 <0.007 
Arsenic; mg/L Audubon Co. 4/13/1998 <0.01 
Audubon Co. 4/22/1999 <0.01 
Crawforo Co. 11/23/1998 <0.005 
Crawforo Co. 6/2/1999 0.007 
Crawforo Co. 10/3/2000 0.01S 
North Dallas 10/3/2000 <0.0005 
NA- Indicates Data Not Available 
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Table 2.6 Leachate Analytical Results from Selected Iowa Landfills 1 continued) 
Parameter Landfill Date Leachate 
Cadmium; mglL Audubon Co. 4/13/98 <0.002 
Audubon Co. 4/22/99 <0.002 
Crawford Co. 11/23/98 <0.001 
Crawford Co. 6/2/99 <0.001 
Crawford Co. 10/3/00 <0.001 
North Dallas 10/3/00 <0.001 
Lead;mg/L Audubon Co. 4/13/98 ·<0.002 
Audubon Co. 4/22/99 <0.002 
Crawford Co. 11/23/98 <0.005 
Crawford Co. 6/2/99 <0.005 
Crawford Co. 10/3/00 <0.005 
North Dallas 10/3/00 <0.005 
Mercury, Cold Vapor; mglL Audubon Co. 4/13/98 <0.001 
Audubon Co. 4/22/99 <0.001 
Crawford Co. 11/23/98 <0.0005 
Crawford Co. 6/2/99 <0.0005 
Crawford Co. 10/3/00 <0.0005 
North Dallas 10/3/00 <0.0005 
Barium; mg/L Audubon Co. 4/13/98 0.31 
Audubon Co. 4/22/99 0.17 
Crawford Co. 11/23/98 0.497 
Crawford Co. 6/2/99 0.394 
Crawford Co. 10/3/00 0.715 
North Dallas 10/3/00 0.055 
Chromium; mg/L Audubon Co. 4/13/98 <0.01 
Audubon Co. 4/22/99 <0.01 
Crawford Co. 11/23/98 <0.03 
Crawford Co. 6/2/99 <0.03 
Crawford Co. 10/3/00 <0.03 
North Dallas 10/3/00 <0.03 
Copper, mglL Audubon Co. 4/13/98 <0.01 
Audubon Co. 4/22/99 <0.01 
Crawford Co. 11/23/98 <0.03 
Crawford Co. 6/2/99 <0.03 
Crawford Co. 10/3/00 <0.03 
North Dallas 10/3/00 <0.03 
Iron;mg/L Audubon Co. 4/13/98 14.8 
Audubon Co. 4/22/99 1.4 
Crawford Co. 11/23/98 1.68 
Crawford Co. 6/2/99 2.75 
Crawford Co. 10/3/00 21.2 
North Dallas 10/3/00 1.12 
Silver; mg/L Audubon Co. 4/13/98 <0.02 
Audubon Co. 4/22/99 <0.02 
Crawford Co. 11/23/98 <0.03 
Crawford Co. 6/2/99 NA 
Crawford Co. 10/3/00 <0.03 
North Dallas 10/3/00 <0.03 
Zinc;mg/L Audubon Co. 4/13/98 0.04 
Audubon Co. 4/22/99 <0.01 
Crawford Co. 11/23/98 <0.03 
Crawford Co. 6/2/99 0.056 
Crawford Co. 10/3/00 0.083 
North Dallas 10/3/00 <0.03 
NA- Indicates Data Not Available 
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Total iron in the Audubon County leachate was greater than the dissolved iron in the ground and 
surface water. However, at the Crawford County landfill the average dissolved iron concentration in 
the groundwater was greater than the total iron in the leachate. 
The availability of site specific leachate and groundwater characteristics can be helpful in 
determining if leachate is present in the groundwater. However, some water quality parameters do 
occur naturally in high concentrations in the environment (such as arsenic in the Council Bluffs, Iowa 
area) that may lead to the belief that leachate is present. Comparison must be made to site-specific 
leachate quality since as previously mentioned the characteristics of the leachate will depend greatly 
on the type of waste place in the fill and the age of the waste. 
2.8 Remediation Methods 
The best form of remediation is prevention. Prevention is more effective, less time 
consuming, and far more cost efficient than correcting groundwater contamination. Surface water, 
and potentially groundwater, may be protected through the use of good management practices. These 
may include utilizing proper slopes to allow runoff to flow away from the current working face, 
sufficient daily and intermediate cover to prevent runoff from first filtering through the waste, and 
following proper stonnwater management techniques. These techniques provide a pathway for runoff 
to move away from the working face and prevent runoff from ponding on the landfill surface. 
Groundwater protection is increased through the use of a sufficient liner material and proper capping 
system both in intermediate stages and once the landfill is complete. 
A large amount of time, effort, and money are presently being expended to develop remedial 
measures to counteract the effects of contaminated aquifers and public water supplies, not only from 
landfills but also from underground storage tanks, spills, and other man-induced occurrences. Several 
options exist to remedy a contaminated aquifer. They include inground treatment/containment, 
aboveground treatment, removing or isolating the source of contamination, abandoning the source of 
supply, or ignoring the problem (Cheremisinoff, 1997). It is often a combination of these techniques 
that are used. 
Two overall approaches exist to remedy groundwater contamination. The first involves 
natural or induced in situ treatment. The other approach is through engineered systems to contain the 
contaminated groundwater (Cheremisinoff, 1997). Despite the method used, the source of 
contamination should be eliminated to avoid continual contamination. Removal of the source may 
allow for a natural remedy of the situation. Contaminated groundwater may also be pumped for 
treatment or mixed with a nearby stream to allow for dilution. While the ideal goal is to restore the 
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groundwater to its precontamination quality, the reality is that it is probably not possible to do so. 
Therefore, regardless of the techniques used to remove contamination, acceptable site cleanup levels 
need to be determined. Following is a overview of several remediation techniques that may be 
combined to improve the quality of the site groundwater. 
2.8.1 Groundwater Barriers 
Groundwater barrier is one of the techniques that may be used for the containment of 
groundwater. These barriers are designed to prevent or control groundwater flow into, through, or 
from a certain location (Cheremisinoff, 1997). Common types of barriers employed include slurry 
trench walls, grout curtains, vibrating beam walls, bottom sealing, and block displacement. Slurry 
trench walls may be placed upgradient of the site to prevent groundwater flow onto the site, 
downgradient to prevent flow off the site, or surrounding a site to contain groundwater within an area. 
The trench is constructed by excavating a vertical trench to the desired depth while keeping the trench 
filled with a clay slurry composed of a five to seven percent by weight suspension of bentonite in 
water (Barcelona et al., 1990). The bentonite slurry maintains the vertical stability of the trench walls 
by exerting a greater hydrostatic pressure against the walls than the surrounding groundwater 
(Barcelona et al., 1990). The slurry also forms a low permeability filter cake on the walls of the 
trench. As the slurry trench is excavated it is simultaneously backfilled with an engineered material 
that forms the final wall. The engineered material is commonly soil bentonite, cement bentonite, or 
concrete. Slurry walls are generally the least expensive forms of passive groundwater barriers. 
Designed properly, a slurry trench can provide an almost complete seal down to a lower permeability 
layer or by increasing the length of the groundwater flow path and thereby creating an energy loss 
(Barcelona et al., 1990). 
Grouting is the process of pressure injecting a stabilizing material into subsurface soils or 
rock in order to fill, and thereby sealing the voids, cracks, fissures or other openings in the soil or 
rock strata (Barcelona et al., 1990). Grout curtains are underground physical barriers formed by 
injecting grout through tubes. The amount of grout needed is a function of the available void space, 
the density of the grout, and the pressures used in setting the grout (Cheremisinoff, 1997). If the 
pressure used is too small, premature grout/soil consolidation occurs and if it is too fast fracturing of 
the soil formation may occur. Typically two or more rows of grout are required to provide a good 
seal. The grout may either be particulate (i.e. Portland cement) or chemical (i.e. sodium silicate) 
depending on the soil type and the contamination present. The installation of grout curtains may be 
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up to three times as costly as the use of slurry trenches and therefore are not generally used unless 
other methods of groundwater control are impractical. 
The vibrating beam technique is similar to a slurry wall but considered a form of grouting due 
to the method of placement. A suspended I-beam connected to a vibrating driver-extractor is vibrated 
through the ground to the desired depth. As the beam is raised at a controlled rate, slurry is injected 
through a set of nozzles at the base of the beam filling the void left by the withdrawal of the beam. 
This creates a thin wall of approximately four inches. This process is repeated with the placement of 
the next I-beam overlapping the first. This technique is most efficient in loose, unconsolidated 
deposits such as sand and gravel. Cost for using this technique is comparable to the slurry trench 
technique (Barcelona et al., 1990). 
Bottom sealing also uses grouting. In this technique, grout is injected through drill holes to 
form a horizontal or curved barrier below the site to prevent downward migration of contaminants 
( Cheremisinoff, 1997). 
Block displacement is a relatively new method of containment. The slurry is injected so that 
it forms a subsurface barrier around and below a specific mass or block of material (Cheremisinoff, 
1997). The continued pressure injection of the slurry produces an uplift force on the bottom of the 
block, resulting in a vertical displacement proportional to the slurry volume pumped. This method is 
still in the developmental stages, especially verification of the bottom barrier (Barcelona et al., 1990). 
2.8.2 Hydrodynamic Control 
Hydrodynamic controls are utilized to isolate a plume of contamination from the normal 
groundwater flow regime to prevent the plume from moving into a well field, another aquifer, or to 
surface water (Cheremisinoff, 1997). The isolation of the contaminated plume is accomplished when 
uncontaminated ground water is circulated around the plume in the opposite direction of the natural 
groundwater flow (Barcelona et al., 1990). The circulated zone creates a groundwater 
(hydrodynamic) barrier around the plume so groundwater upgradient of the plume will flow around 
the circulated zone while groundwater downgradient will be essentially unaffected (Barcelona et al., 
1990). Major disadvantages of this method include the commonly long pumping periods, well 
construction and maintenance costs, and the fact that the subsurface geology dictates the system 
design (Cheremisinoff, 1997). However, these systems offer a high degree of design flexibility and 
compared to the passive methods (groundwater barriers) can be installed at minimal expense 
(Barcelona et al., 1990). 
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Well systems are used for the hydrodynamic control of contaminated plumes by manipulating 
the hydraulic gradient of groundwater through the injection and/or withdrawal of groundwater. Three 
general types of well systems are used which include well point systems, deep well systems, and 
pressure ridge systems. The well point system is commonly used to dewater construction sites. This 
system consists of several closely spaced shallow wells connected to a main header pipe, which is 
connected to a suction lift pump. These are used only for shallow aquifers due to the drawdown 
limitations dictated by the static water level and limits ofthe pump (Barcelona et al., 1990). The well 
point system is designed so the drawndown produced by the system completely intercepts the plume 
of contamination (Cheremisinoff, 1997). 
Deep well systems are similar to well point systems except that they are used for greater 
depths and typically are pumped individually. These systems are used in consolidated formations 
where the water table is too deep for the economical use of suction lift systems (Barcelona et al., 
1990). The maximum depth for suction lift is around 25 feet so deep wells normally employ jet 
ejector or submersible pumps, or eductor well points (Barcelona et al., 1990). 
The pressure ridge systems are produced by injecting uncontaminated water into the 
subsurface, through a line of injection wells either upgradient or downgradient from the plume of 
contamination (Barcelona et al., 1990). The placement of upgradient injection wells creates a curtain 
to force the uncontaminated groundwater around the plume while downgradient pumping wells 
collect the contaminated plume. This procedure increases the velocity of groundwater into the plume 
and to the downgradient wells and washes the aquifer. Pressure ridge systems located downgradient 
are typically used in combination with upgradient pumping wells that supply uncontaminated 
injection water (Barcelona et al., 1990). Whether the pressure injection wells are upgradient or 
downgradient the injection of fresh water produces an uplift or mound in the original water table 
which acts as a barrier by forming a ridge which pushes the contaminated plume away from the 
mound (Barcelona et al, 1990). 
2.8.3 Collection and Treatment 
Collection and treatment is one of the most common processes used for the remediation of 
groundwater. Three broad areas of treatment possibilities exist, namely physical, chemical, and 
biological. Physical treatment options may include adsorption, density separation, filtration, reverse 
osmosis, and air and stream stripping. Chemical treatment may include precipitation, 
oxidation/reduction, ion exchange, neutralization, incineration, and wet air oxidation. Biological 
treatment processes include activated sludge, aerated surface impoundments, land treatment, 
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anaerobic digestion, trickling filters, and rotating biological disks (Barcelona et al., 1990). The nature 
of the contaminant will dictate which of these methods is most effective. 
The interaction between the groundwater and soil needs to be considered in the design of 
pumping systems. Many man made and natural organic compounds found in groundwater tend to 
adsorb to the organic and mineral components of the aquifer material. When the water is removed by 
pumping, the contaminants may remain on the aquifer material, depending on the geologic material 
and characteristics of the contaminants ( Cheremisinoff, 1997). As the groundwater recharges, the 
sorbed contaminants will des orb slowly into the groundwater. An extended period of pulsed pumping 
may therefore be required to allow time for the contaminants to come into equilibrium with the 
groundwater in each cycle (Cheremisinoff, 1997). 
The landfill utilized in this study has an on-site constructed wetlands treatment system 
(CWTS) to treat and dispose ofleachate collected from waste disposal activities. Upon verification 
that the system could handle additional flow, this would be the most cost efficient treatment system 
for the pump and treat option. 
2.8.4 In Situ Treatment 
In situ treatment generally entails the installation of a series of injection wells at the head of 
or within the plume of contamination. In some cases with shallow aquifers in situ permeable 
treatment beds have been used. Trenches are filled with a reactive permeable medium and 
contaminated groundwater entering the trench reacts with the medium to produce a non-hazardous 
soluble product or a solid precipitate (Cheremisinoff, 1997). This technique is often used to detoxify 
migrating leachate plumes in groundwater from landfills. Activated carbon is commonly used to 
remove nonpolar contaminants such as carbon tetrachloride (CC4) and benzene by adsorption 
(Barcelona et al., 1990). 
Biological processes may also be used for in situ treatment. When the concentration of 
organic contaminants in groundwater is high, oxygen will be totally depleted and aerobic metabolism 
will stop (Barcelona et al., 1990). Further biotransformations will be mediated by a variety of 
anaerobic bacteria such as methanogens, which are only active in highly reduced environments. 
Methane can be produced by the fermentation of a few simple organic compounds. Molecular 
hydrogen can also be used in the reduction of inorganic carbonate to methane (Barcelona et al., 1990). 
Although the microorganisms that actually produce the methane can use a very limited set of organic 
compounds, they can act in consort with other microorganisms, which break more complex organic 
compounds down to substances that the methanogenic organisms can use (Barcelona et al., 1990). 
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These partnerships or consortia can totally degrade a swprising variety of natural and synthetic 
organic compounds (Barcelona et al., 1990). 
As previously mentioned, a combination of the discussed treatment techniques will provide 
for the most economical and efficient remediation of a plume of contamination. The exact 
combination to use must be chosen after careful evaluation of the contamination characteristics and 
site specific conditions. 
2.9 Summary 
Solid waste disposal through the use of land disposal has been practiced for many years. 
Over time regulations have been enacted to protect the environment surrounding landfills. However, 
due to the nature and composition of waste placed before these regulations were enacted, some 
landfills have had a significant impact on the environment. Even under today's standards, liner 
failure can occur and potentially create contamination issues. 
The composition of waste in landfills is largely unknown. However, studies provide typical 
waste compositions that allow assumptions to be made when determining potential contamination 
sources. The degradation of the organic portions of the waste is necessary for the production of 
methane within landfills. A number of factors determine the rate at which wastes degrade. Several 
parameters including pH, specific conductance, and chemical oxygen demand may be used to aid in 
determining which degradation phase a portion of a landfill is in. The degradation of wastes also 
affect the composition of the leachate produced in a landfill. Studies have been performed to 
determine a range of values measured in leachate. The degradation of PCE is of greatest note for this 
project. PCE degrades into main five daughter products, with several other daughter products 
possible. 
The state of Iowa has put into place numerous regulations to protect the environment from 
undue contamination. These regulations cover design, operation, and closure/post closure care of 
landfills. 
Ground and surface water studies performed at several landfills show that it is not uncommon 
to find landfills that affect the local water system. These studies were examined for landfills both in 
and out of Iowa. The landfills in Iowa show a large range in parameters noted from site to site for 
both the local water and leachate characteristics. 
The best form of remediation is prevention. However, in the event that groundwater 
contamination occurs, there are several methods of remediation. These methods fall under either 
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natural or induced in situ treatment or through engineered systems. Site specific studies need to be 
conducted to determine the best form of remediation. 
This project focuses on the Metro Park East Landfill in Mitchellville, Iowa to determine the 
impact, if any, of landfilling municipal waste on its surrounding environment. Samples from five 
groundwater monitoring wells and nine surface water monitoring points were collected over a period 
of two years. Based on this data, a determination was made on the impact of waste landfilled on the 
groundwater and surface water quality. 
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CHAPTER 3 SITE INFORMATION 
The site analyzed for the study is the Metro Park East (MPE) Landfill. The landfill is owned 
and operated by the Metro Waste Authority (MW A), Des Moines, Iowa. The MW A owns nearly 
1,350 acres ofland surrounding the landfill site, although only 670 acres are permitted for landfilling 
operations (Permit No. 77-SDP-l-72P). The landfill began operation in 1970 and has accepted 
municipal, commercial, industrial, and agriculture wastes from its member communities (Geraghty & 
Miller, 1988). Following is a discussion on background information on Metro Waste Authority, the 
area surrounding and including the landfill, information regarding the site geology and hydrology, 
and a summary of previous studies performed at the landfill. 
3.1 Overview of MW A Entities 
Approximately 670 acres at the landfill are permitted for landfilling use. Figure 3 .1 shows 
the facility layout. Landfilling operations include the operation of a methane recovery facility by 
Waste Management, Inc., a compost center for yard wastes, a white goods recycling area, a public 
drop off area, the scale house, and maintenance buildings. A constructed wetlands treatment system 
(CWTS) was designed and installed in the spring of 2000. MWA also operates the Regional 
Collection Center and the Metro Recycling Center, both located off-site. 
The Metro Methane Recovery Facility (MMRF) is a partnership between MW A, Waste 
Management, Inc., and MidAmerican Energy. The plant came into operation in 1993 for the purpose 
of turning methane gas generated in the landfill into electricity for use by area businesses and 
residents. The creation of the MMRF allows the gas to be captured and used by the community rather 
than flaring the gas into the atmosphere as was the previous practice. The collection system consists 
of 70 wells placed within the waste area and connected to a ten-mile long system of underground 
pipes that run to the gas plant. Wells are placed mostly in completed areas to avoid the risk of 
destroying them during landfilling operations and to achieve the best gas quality. The gas is used as 
fuel for eight combustion engines that produce more than 6.4 megawatts of electricity an hour. More 
than three million standard cubic feet of landfill gas is burned each day to serve the average needs of 
approximately 8,000 to 10,000 homes in the Des Moines area. 
The Metro Compost Center is located on the MPE landfill property. Iowa legislature in 1989 
mandated that yard waste could no longer be placed in landfills. This facility diverts nearly 20,000 
tons of yard waste from the landfill and turns it into reusable humus. Since a condition in the permit 
prevents the humus to be made available to the public, the landfill utilizes the humus after the three-
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month composting process as final cover for the landfill. The material improves moisture retention 
and increases the organic level when added to soil and is thus excellent for providing a vegetative 
layer to decrease erosion and enhance aesthetic value at the landfill. 
The white goods recycling area is located by the old scale house. Freon is contracted to be 
removed from refrigerators by a private entity. The units are then picked up by a hauler to be 
recycled for parts. A public drop off area has also recently been constructed. This feature allows 
small vehicles to dispose wastes away from the working face where commercial vehicles operate and 
creates a safer disposal method for the public. The yard waste drop off area and the white goods area 
are also located by the public drop off area. 
The constructed wetlands treatment system (CWTS) has been constructed to replace the 
previous method of storage and treatment of leachate generated on site. Prior to the CWTS, leachate 
was collected in a sump located southwest of the fill area. The leachate was pumped from the sump 
into one of the three 10,000-gallon storage tanks. A local liquid transport company would then pump 
the storage tanks and transport the leachate to one of several local POTW' s with whom the landfill 
had a treatment agreement. Due to the cost of transporting and treating the leachate for the life of the 
landfill and the required minimum of thirty years following closure, MW A opted for the design and 
implementation of an on-site treatment system. The CWTS consists of a series of storage and 
treatment lagoons that remove solids and volatile compounds. The treated leachate is land applied 
most months and stored in a lagoon for those months when the ground is frozen. This operation will 
allow for effective treatment of the leachate on site. MW A estimates that the communities it serves 
will save between $3 - 4 million dollars over the thirty plus years the landfill will be in operation 
(Dworek, 2 00 I). 
MWA is also responsible for the operation ofthe Regional Collection Center (RCC) and the 
Metro Recycling Center (MRC). These facilities are important since they reduce the amount of 
household hazardous wastes and recyclable material, respectively, that are landfilled. Household 
hazardous wastes may be toxic, corrosive, reactive, and flammable materials. When disposed of 
improperly they pose a threat environmentally to the air, soil, and water and also to the humans who 
may come in contact with them. This facility is operated year round to accept household hazardous 
wastes to ensure proper disposal. The RCC may also work with small businesses that are 
conditionally exempt, small-quantity generators (CESQG) to properly dispose of their hazardous 
waste. Any materials such as paint or automotive products that can be reused are available to the 
public free of charge. The MRC operates to accept items that can be recycled for other uses. A 
curbside program is also in effect as a convenience to the residents of the communities that MW A 
50 
serves. Recycling is important since the diversion of waste means the landfill can remain operational 
for a longer period of time. 
While the operation of all of these entities affect the composition of waste entering the 
landfill, the landfill itself is the focus of this report. Even the CWTS does not have a great impact on 
the project at hand since it was constructed so recently. Therefore, the remainder ofthis chapter will 
focus on the landfill operation. 
3.2 Landfill Site Operation 
3 .2. I Landfill History 
Geraghty & Miller, Inc. performed an extensive search into the history of the Metro Park East 
Landfill in the spring of 1988. This research was completed as a review and analysis of existing 
hydrogeologic information for the landfill for two primary reasons. The first was to address concerns 
of neighboring landowners regarding the effect of the landfill on the environment and the second was 
to determine if off-site contamination of the ground and surface water had occurred. This report 
included the inception of the landfill, formation of the controlling agency, regulations formulated to 
monitor the landfilling activities, and background information on common landfill contaminants and 
those that might exist in the MPE landfill. The site hydrogeology, pathways for chemical migration 
from the site and chemical monitoring at the site were also discussed. Pertinent information from this 
report will be summarized in the following sections. 
The Des Moines Metropolitan Area Solid Waste Agency (DMMASWA) was formed in 
December 1969. This agency consisted of 11 of the 14 metropolitan towns, cities, and counties that 
applied for a grant in 1966 to evaluate increasing populations with no set waste management plan. 
Common practice consisted of incineration and dumping (Geraghy & Miller, Inc. 1988). The current 
site of the landfill was selected after two other sites were denied due to public pressure. The current 
site was disputed through a lawsuit filed by neighbors surrounding the site. The lawsuit was won by 
the agency and preliminary soil borings to characterize the site were performed in late 1969 to early 
1970. The original site design was completed by HDR of Omaha, Nebraska. 
The Metro Park East Landfill is a municipal solid waste landfill that began operating in 1972. 
The topography varies from approximately 830 feet to 980 feet above mean sea level (AMSL). The 
base of the landfill is not known although it is estimated to be at 830 feet AMSL based on the depths 
of the leachate extraction wells and assuming that they were placed near the bottom of the waste. 
The 670 acres used for landfill operations contains approximately 220 acres of waste. The 
exact fill pattern at the site is unknown. However, based on aerial photographs it is believed that fill 
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began in the southwest portion of the fill area and continued to the north. The eastern portion and 
south was then filled. Prior to the current south fill area the northern portion along Highway 163 was 
filled. Final cover consisting of three foot of soil and a synthetic liner was placed on the north 46 
acres along U.S. Highway 163 in 1999. Since the liner below the waste in this 46 acres consists of 
compacted clay, a synthetic liner was not required according to the Iowa Administrative Code. Due 
to MW A's concern for the environment, to reduce the amount of leachate generated, and to create the 
best environment for the gas collection system, the synthetic liner was included in the design of the 
final cover for this portion. Final cover has also been placed on approximately 65 acres on the west 
side of the fill area. This cover was placed before the rules required a synthetic liner and is thus 
covered only by soil. The remaining I 06 acres is either current fill area or covered with intermediate 
cover. 
The MPE landfill was developed as a place to dispose of municipal, commercial, industrial, 
and agricultural wastes ofthe member municipalities ofthe DMMASWA (Geraghty & Miller, 1988). 
Wastes collected were non-hazardous wastes. Special waste authorizations have been granted for 
some hazardous and liquid wastes from waste producers and haulers. Records were previously kept 
comparing the weight of liquids versus the weight of solid waste collected. The record for October 
1987 showed that a total of3,914,480 pounds ofliquid was collected compared to 71,571,140 pounds 
of solid waste (Geraghty & Miller, 1988) 
According to Gary Shroud of the DMMASW A, approximately 35 percent of the landfill 
waste in 1988 came from residential collection and the remainder came from industrial and 
commercial clients. The amount ofliquid wastes at the time of the Geraghty & Miller report in 1988 
had decreased from approximately 25 percent in the 1970's to 10 percent. As of 1988 the landfill was 
not accepting liquid wastes that are not in a container (Geraghty & Miller, 1988). Geraghty & Miller 
prepared a list of the major waste contributors to the MPE landfill and the type of waste they 
contribute (see Table 3.1). They also summarized examples of wastes accepted under special waste 
authorizations. This is shown in Table 3 .2. This information can be compared to Table 2.1 in 
Chapter 2. These tables indicate that sources of organic chemicals, inorganic chemicals, and heavy 
metals have been landfilled at the MPE landfill. 
Geraghty & Miller's review of the special waste authorizations versus the permit has shown 
an interesting trend. Several special waste authorizations show toxic substances, large volumes of 
chemical wastes, or possible non-compliance with the SWA permit (Geraghty & Miller, 1988). One 
example is the delivery of over 100,000 pounds of oil, grease, and water over a month period in 1982 
when the permit called for only 32,750 pounds per month. While the Firestone Tire Company may 
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Table 3.1 Major Contributors and Types of Wastes (Geraghty & Miller, 1988) 
Contributor Waste 
Armstrong Tire Tires & Rubber Sludge 
Meredith Paper and Ash 
Diamond Labs (now Syntex) Deactivated Biologicals 
Massey Furguson, Dico Mfg., C.E. Erickson, Paint Sludge 
Western International, W.P. Johnston 
John Deere Filters, Paint, Fuel Spills on Sands or Absorbent 
Swift Independent, Bookey, and others Paunch Manure 
Union Carbide Lime Sludge 
Des Moines Wastewater Treatment Plant Sewage Sludge, Grit and Screenings 
ICM, L&L Insulation, Mid-Iowa Insulation Asbestos 
Qualis, Inc., Great Plains Bag Corp. & others Adhesives 
City of Des Moines Municipal Solid Waste 
Table 3.2 Examples of Wastes Accepted Under Special Waste Authorizations (Geraghty & 
Miller, 1988) 
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have delivered less in the other months over the course of the permit year this action is questionable. 
Of more importance for this project is the violation by Means Service Inc .. This company was 
permitted to landfill 1,400 pounds a month of used trichloroethene from dry cleaning still bottoms 
during the first six months of 1981. According to the SWA Report, a total of25,400 pounds of 
trichloroethene was actually landfilled (Geraghty & Miller, 1988). 
The City of Des Moines wastewater treatment plant landfilled wastewater treatment sludge 
from 1973 to 1985. The sludge was land applied from 1985 to 1987 under a high rate permit, which 
allowed 12 tons per acre per year. The sludge had been applied to cornfields on landfill property 
continually since 1970 under a low rate permit that allowed 2 tons per acre per year (Geraghty & 
Miller, 1988). This information is pertinent since wastewater treatment sludge is typically a source of 
heavy metals and inorganic chemicals. The high rate application on sideslopes also caused a problem 
when rainfall caused the moist sludge to runoff into tributaries of Camp Creek. Landfill neighbors 
complained about this situation. Sludge is no longer accepted at the facility. 
3 .2.2 Current Operations 
The current remaining final permitted capacity of the landfill is 2,468,875 cubic yards with a 
maximum elevation of 990 feet AMSL. The current fill areas include a specified construction and 
demolition area and a wet weather area to insure year round operation. A borrow area, designated as 
the Phase 3 borrow area, supplies intermediate cover for the current fill area. A special provision in 
the site permit allows tarps to be used for the purpose of daily cover, thus reducing the amount of soil 
that is buried at the site. The MPE landfill receives approximately 15 percent of the waste generated 
in the state oflowa (http://www.metro-waste.com/landfill.htm). The landfill accepts waste from 16 
Des Moines area communities in Polk County, Iowa. They serve approximately 400,000 residents 
and averaged approximately 25,600 tons per month in 1999. 
As per Iowa state law, the landfill is not allowed to accept yard waste, car batteries, waste 
oils, scrap tires, and free liquids for placement into the landfill (http://www.metro-waste-
com/landfill.htm). As previously mentioned, a number of other materials are kept from the landfill 
with the Resource Recovery Facility and the recycling center. Tires are also recycled at a separate 
facility. The site permit for the Metro Park East Landfill does allow for the acceptance of special 
wastes. Special wastes include any industrial process waste, pollution control waste, or toxic waste 
which presents a threat to the human health, or the environment, or a waste with inherent properties 
which make the disposal of the waste in a sanitary landfill difficult to manage (IAC 567-100.2). 
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Special wastes must show, when appropriate, that the toxicity characteristic leachate procedure 
(TCLP) test results do not exceed any of the federal limits (IAC 567-102.15(2)d.) 
3.3 Description of Landfill Area 
The adjacent property use is considered in the siting of a landfill. The surrounding 
environment will influence the impact that natural or man-made occurrences have on the area. The 
location is a factor since conditions or potential problems found around industrial areas may differ 
from those found in agricultural areas. The climate affects the chemical and biological processes that 
occur in an area since precipitation and temperature can vary greatly in different regions. The soil at 
a site will affect the rate at which liquids and contaminants may travel away from their source. These 
areas are discussed in regard to the Metro Park East Landfill in the following sections. 
3 .3 .1 Location 
The Metro Park East Landfill is located in Polk County, Iowa, approximately eight miles east 
of Des Moines on U.S. Highway 163 (University Avenue). The landfill is found in Township 78N, 
Range 22 W, Sections I and 2. A site vicinity map is included in Figure 3.2. U.S. Highway 163 
borders the landfill to the north, providing easy access for private haulers using the landfill. Farmland 
borders the landfill to the east and south. Camp Creek borders the landfill to the southwest and west. 
The land to the west of Camp Creek is used for cropland and pastureland for beef cattle. Private 
residences are located adjacent to the landfill property on the north side of U.S. Highway 163, on the 
west side of Camp Creek and to the south and east of the landfill. Metro Waste Authority has 
purchased a large amount of land within a square mile radius in order to provide a buffer between the 
landfill and its neighbors. They also intend to use the land in their end use plan of a recreational area 
once landfill activities are complete. Surface waters in the area include Camp Creek to the west, a 
tributary that flows into Camp Creek from the north to southwest, and two tributaries that flow south 
of the southern haul road. One of the tributaries enters the southwest sedimentation pond before 
flowing to Camp Creek. The southern most tributary flows to Camp Creek without first flowing 
through the sedimentation pond. Camp Creek begins southwest of Mitchellville and runs into the Des 
Moines River approximately 12 miles south of the landfill. The general topography in the area 
consists of gently rolling hills. The nearest towns are Mitchellville to the north (eleven miles), Prairie 
City to the east (six miles), Runnells to the south (thirteen miles), and Des Moines to the west. 
< . , . ... .. 
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Figure 3.2 Site Vicinity Map 
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3.3.2 Climate 
Central Iowa has four distinct seasons, although they are not equal in time. The average 
temperature for winter is 25.5 degrees Fahrenheit, spring is 50.2 degrees Fahrenheit, summer is 74.4 
degrees Fahrenheit, and fall is 53.5 degrees Fahrenheit (McCracken, 1960). The maximum and 
minimum temperatures for the year are 105 degrees Fahrenheit and -21 degrees Fahrenheit, 
respectively (McCracken, 1960). The average growing season in Polk County is 171 days, with the 
average date of the last frost at April 21 and the average date of the first frost at October 9. Average 
annual rainfall is 30.89 inches with 21.49 inches occurring in the growing season (McCracken, 1960). 
The driest year recorded at the time of the soil survey (1960) was 17.07 inches in 1956 and the 
wettest year was 56.81 inches in 1881 (McCracken, 1960). The observed rainfall amount and 
temperature at the landfill may vary from the data recorded at the weather station in Des Moines. For 
this reason, several sources of precipitation and temperature data from the landfill are discussed later 
in this report. 
3.4 Geology 
The geology of a site is important in the assessment of the groundwater patterns at the site. 
The topsoil structure at the site will determine the likeliness of soil erosion. Certain soil 
characteristics, such as the hydraulic conductivity and porosity, will determine the ability of liquid 
and contaminants to travel through the soil. Soils with a higher hydraulic conductivity will allow 
liquid to move through at a faster rate. The geology at the Metro Park East landfill will be examined 
first based on the general soil survey and then based on soil borings and geological cross sections. 
3 .4 .1 Soil Survey of Polk County 
The native vegetation in Polk County consists mainly of prairie grasses and hardwoods along 
the banks of major streams (McCracken, 1960). Both played a role in the soil types found in the area. 
The native prairie grasses contributed to the dark colored soils that are fairly high in organic content. 
The hardwood forests contributed to the light colored soils that are less fertile and have a lower 
organic content (McCracken, 1960). 
The Metro Park East Landfill is located mostly within the general soil area labeled 5 as in 
Figure 3.3 from the Soil Survey Report for Polk County, Iowa (McCracken, 1960). This area is 
described as "nearly level to moderately sloping, dark-colored soils formed from loess: chiefly Tama 
or Muscatine soils" (McCracken, 1960). The Soil Survey Report for Polk County, Iowa shows the 
relationship of the major upland soils, in general, soil area 5, to the parent material, slope, and native 
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vegetation (McCracken, 1960). These soils were formed under native prairie grasses. The Tama 
soils tend to be well drained and moderately sloping. The Muscatine soils area described as 
imperfectly drained and nearly level. The Muscatine soils are noted as being darker than the Tama 
soils (McCracken, 1960). Shelby soils may be found on the steeper slopes formed from glacial 
material. 
A more detailed description of soils at the site is provided in from the Soil Survey Report 
(McCracken, 1960). The formation of these soils is important for two reasons. Although the topsoil 
is removed and stockpiled before fill begins, the topsoil is eventually placed on the cover and again 
used to grow vegetation. There are also many areas surrounding the landfill that have not been 
disturbed by landfilling activities. The stability of these soils affects the amount of erosion that will 
occur due to runoff Several soils are found in the area of the landfill. Three soil types; Tama silt 
loam (5-9% slopes), moderately eroded; Tama silt loam (9-14% slopes), moderately eroded; and 
Shelby loam (9-14% slopes), moderately eroded seem to dominate the majority of the site 
(McCracken, 1960). Wabash silty clay and Nodaway silt loam are found immediately adjacent to 
Camp Creek. 
The Tama series of soils, as previously mentioned, consists of the dark-colored soils created 
by native prairie grass cover that are well drained soils developed from loess (McCracken, 1960). 
The series tends to occur in the southeastern portion of Polk County with slopes from O to 14 percent 
(McCracken, 1960). These soils are described as having good water-holding capacity and are 
moderately to highly fertile (McCracken, 1960). The dark upper layers of the soil have eroded away 
in many of the stronger slopes and controlling erosion can be a problem in this area (McCracken, 
1960). Table 3 .1 summarizes the soil survey general description of each of the series mentioned. In 
the Tama silt loam with 5 to 9 percent slopes, the dark layer is a few inches thinner than the general 
representation and in the Tama silt loam with 9 to 14 percent slope the surface layer is typically only 
4 to 8 inches thick (McCracken, 1960). 
The Shelby series contains moderately well drained soils developed from the Kansan glacial 
till of clay loam texture with slopes from 5 to 30 percent (McCracken, 1960). Due to slope and a 
slowly permeable subsoil, the Shelby series soils erode easily when the area is cultivated 
(McCracken, 1960). It is also noted that pockets and lenses of sand and gravel occur in a few areas 
where the Shelby series exists. The Shelby loam at 9-14 percent slopes, moderately eroded soils 
generally have an upper dark-brown surface layer 4 to 7 inches thick. 
Wabash silty clays are found immediately adjacent to Camp Creek. The Wabash series 
contains dark-colored low permeability soils that are poorly to very poorly drained with slopes of O to 
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I. Level to gently sloping, dark-colored soils formed from glacial till: chiefly Clarion, Nicollet, and Webster 
soils. 
2. Gently sloping to steep, light colored to moderateiy dark colored soils formed from glacial till: chie:8y 
Hayden and Lester soils. 
3. Nearly level soils formed from outwash and alluvium: chiefly Colo, Waukegan, Dickinson, and Dor-
chester soils. 
4. Gently sloping to steep, light colored to moderately dark colored soils formed from loess: chiefly Fayette 
and Downs soils. 
4a. Gently sloping to steep, light colored to moderately dark colored soils formed from loess or till: chiefly 
Ladoga and Lindley soils. 
5. Nearly level to moderately sloping, dark-colored soils formed from loess: chie:fl.y Tama and Muscatine 
soils. 
Sa. Nearly level to moderately sloping, dark-colored soilc; formed from loess and till: chiefly Sharpsburg 
and Shelby soils. 
6. Gently sloping to steep, sandy soils: chiefly Hagener, Farrar, and Chelsea soils. 
Figure 3.3 General Soil Areas of Polk County (McCraken, 1960) 
59 
1 percent (McCracken, 1960). These soils are typically found on the bottom lands of small creeks. 
The parent material for the Wabash series is slack-water alluvium (McCracken, 1960). These soils 
tend to be wet with wet-prairie grass and some trees as the native vegetation (McCracken, 1960). 
Nodaway silt loam is also found adjacent to Camp Creek The Nodaway series contains soils 
formed from recently deposited, medium-textured alluvium that are moderately well to imperfectly 
drained and light colored (McCracken, 1960). These soils are subject to flooding and each flood 
deposits fresh sediments (as observed in May 1999 and May 2000 at the Metro Park East Landfill). 
T bl 3 3 S ·1 S a e . 01 urvey D .f escr1p· ion o 1 e OIS c rac en, f s·t S ·1 (M C k 1960) 
Series Depth General Representation 
Tama silt loam 0 to 10 inches very dark brown, friable silt loam. 
10 to 33 inches dark-brown to brown, slightly firm silty clay loam; a few strong-
brown mottles in the lower part 
33 to 50 inches+ mottled yellowish-brown and light brownish-gray, friable silt loam. 
Shelby Loam 0 to 7 inches: very dark grayish-brown, friable loam 
7 to 14 inches: dark-brown firm loam 
14 to 30 inches: brown to yellowish-brown, firm clay loam 
30 to 50 inches+: yellowish-brown, mottled with strong brown and lightly brownish 
[gray, slightly clay loam to heavy loam. 
Wabash silty clay 0 to 14 inches: black, firm to very firm silty clay 
14 to 33 inches: dark-gray, very firm silty clay 
33 to 50 inches: dark-gray, very firm silty clay mottled with olive gray. 
Nodaway silt loam 0 to 40 inches: dark grayish-brown, friable silt loam 
40 to 60 inches: black, slightly firm silty clay loam. 
While other soil types exist on site, those presented are observed to cover the majority of the 
site. The boring logs from the site can be examined to determine the exact soil description and 
geology at a given site. 
3. 4 .2 Site Specific Boring Results 
Numerous studies have been performed at the landfill that required soil borings in different 
areas. Nineteen soil borings were performed in 1970 to characterize the soils and to determine the 
depth to bedrock and the groundwater table. Thirteen monitoring wells installed along the perimeter 
of the landfill in 1970 (Geraghty & Miller, 1988). The reason for these monitoring wells and their 
locations were unknown as per Geraghty & Miller (Geraghty & Miller, 1988). The DMMASW A 
hired Patzig Testing Laboratories in 1983 to drill boreholes and install piezometers to determine the 
water table elevation and the direction of flow along the eastern edge of the landfill. Eight boreholes 
were drilled to depths between 19 to 63 feet deep. Terracon Consultants was hired in 1986 to drill 
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boreholes and install piezometers along the northwest, west, and southwest perimeter of the landfill. 
Ten boreholes were drilled to depths between 16-45 feet deep. Groundwater wells and piezometers 
have soil boring information. Soil borings have also been performed in the current Phase 3 borrow 
area. Prior to the installation of the CWTS, soil borings were performed in the southern area. The 
available boring logs for the site are included in Appendix A. This information will be discussed in 
greater detail. 
Geraghty & Miller, Inc conducted a review of existing hydrogeologic information in June 
1988 to satisfy neighbor's concerns regarding the impact of the landfill on the surrounding 
environment and to determine if there was any appreciable effect from the landfill on surrounding 
groundwater and surface water bodies. The review included the regional geology in the area of the 
Metro Park East Landfill. The landfill exists in an area of gently rolling hills comprised of glacial 
loess and till which overlies bedrock of the Precambrian to Pennsylvanian age (Geraghty & Miller, 
1988). The bedrock is described as Precambrian igneous and metamorphic rocks overlain by 
Cambrian through Pennsylvanian units of sandstone, siltstone, shale, dolomite, and limestone 
(Twentor and Coble, 1965). The bedrock slopes to the southwest throughout the region (Geraghty & 
Miller, 1988). Quaternary glacial deposits overlie the bedrock. Geraghy & Miller note that the 
glacial deposits consist often to twenty five feet thick layers of loess overlying glacial till. This 
agrees with the determination made by Eugene A. Hickok and Associates of a loess layer 
approximately 15 foot deep (Eugene A. Hickok, 1984). The till tends to be less than 200 feet thick, 
although it can be over 300 feet thick where it has filled in a bedrock valley (Geraghty & Miller, 
1988). 
A report was written in September 1984 regarding a hydrogeologic investigation in the area 
of a proposed northeast expansion at the MPE landfill. This area is currently titled the Phase 2 
borrow area. The area has been borrowed to the base grade and now awaits design for future cell 
expansions. The hydrogeologic investigation in this area indicates two major soil deposits that are 
listed as loess near the surface and glacial till at depth with the upper portion weathered (Eugene A. 
Hickok and Associates, 1984). The upper layer was primarily silty clay and clayey silt and the lower 
layer was sandy and silty clay with sand seams in some areas (Eugene A. Hickok and Associates, 
1984). 
The geology at the landfill is typical of the regional geology based on the soil boring logs 
completed for both the landfill and surrounding private wells (Geraghty & Miller, 1988). Sand seams 
have been noted at the site in various places such as in the northern portion of the landfill and in soil 
boring logs from monitoring wells MW-29 and MW-30, among others (see Figure 3.1). The sand in 
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MW-29 ranged from sixteen to twenty feet below ground surface and in MW-30 from twenty to 
twenty five feet below ground surface (Weaver Boos, 1996b). Geraghty & Miller note that there is an 
unconformable contact between the Pleistocene glacial deposits and the underlying Pennsylvanian 
shales (Geraghty & Miller, 1988). The top of the shale ranges from 40 to 210 feet below ground 
surface and is observed to slope to the northeast. This is in opposition of the regional bedrock surface 
slope (Geraghty & Miller, 1988). Based on the boring information from two private wells near the 
site, the Mississippian dolomite is estimated at 300 feet below ground surface (Geraghty & Miller, 
1988). 
Once VOC's were detected in monitoring wells MW-29 and MW-30, further subsurface 
investigations were performed in this area. The sand layer previously mentioned was determined to 
be in nine of twelve soil borings drilled. The area of borings was southwest of monitoring well MW-
31 and extended over to Camp Creek. The sand seams ranged from two and a half to six foot deep in 
the nine wells that had them. The sand layer is said to be part of a localized fluvial deposit created by 
Camp Creek as it has migrated over past years. The former creek bed and deposits are said to consist 
of a ''thin topsoil underlain by a black organic rich silty clay, grey brown silty clays, grey sandy silts, 
fine to coarse grained sands, and grey sitly clay" (Weaver Boos, 1996a). The geology of this area 
confines the groundwater as it flows to Camp Creek. 
Cross sections for southwest portion of the site were developed to show the pertinent strata. 
Figure 3.4 shows the location of the cross sections and the wells. Figures 3.5 and 3.6 show the 
pertinent strata. The cross sections show the sand layer noted in previous reports. It appears that a 
sand lens may extend from monitoring well MW-29 to piezometer PZ-107A which is the reason for 
the one-time sample event at PZ-107 A which will be discussed in Chapter 5. Boring logs recorded by 
different drillers from different companies may vary in description of similar soils. It can therefore be 
difficult to determine the appropriate connection between stratigraphy in adjoining wells. The cross 
sections presented give a general idea of the soil strata noted in the selected wells. 
Soil borings were not performed on the west side of Camp Creek. However, the conclusion 
is made that the groundwater flow pattern is similar to that found on the east side of the creek. If this 
is correct, this creates an additional hydraulic barrier preventing shallow water from the landfill 
property from migrating any further west than Camp Creek (Weaver Boos, 1996b). 
3.5 Hydrology 
The Metro Park East Landfill falls within the Des Moines River Basin, a 300 mile long by 75 





1988). Figure 3. 7 shows the area of the Des Moines River Basin. The landfill is immediately east of 
Camp Creek approximately 12 miles north of its confluence with the Des Moines River. Camp Creek 
originates west of Mitchellville, approximately four and a half miles northwest of the landfill. The 
path and watershed area of Camp Creek is highlighted in Figure 3.8. The Camp Creek watershed 
contains 26,510 acres. The watershed for the landfill area is shown in Figure 3.9. Surface runoff 
from the completed cells, current working areas, and borrow areas eventually drains into Camp 
Creek. Approximately 250 acres drains through the southwest sedimentation pond (outlined in red in 
Figure 3.9). The area south of the 250-acre watershed is generally routed into a channel directly 
south of the drainage way to the southwest sedimentation pond. This runoff feeds the reconstructed 
wetlands area in the southwest portion of the site. Runoff from the north and west portions of the 
landfill feed either the north tributary or the reconstructed wetlands. 
A report was written in September 1984 regarding a hydrogeologic investigation in the area 
of a proposed northeast expansion at the MPE landfill (Eugene A. Hickok and Associates, 1984). 
This area is currently titled the Phase 2 borrow area. The area has been borrowed to the base grade 
and now awaits design for future cell expansions. The hydrogeologic investigation in this area 
indicates that the groundwater is flowing to the southwest (Eugene A. Hickok and Associates, 1984). 
The high water table depth varied from two to seven feet below the ground surface (Eugene A. 
Hickok and Associates, 1984). Geraghty & Miller, Inc. conducted another study in June 1988 to 
address concerns of local residents with regards to the potential hazards of landfilling and to 
determine if off-site contamination of ground and surface water had occurred (Geraghty & Miller, 
1988). Their report includes an in-depth discussion of the four aquifers found in central Iowa 
(Geraghty & Miller, 1988). 
The aquifers are stacked upon one another, beginning with the surficial aquifer on top 
followed by the upper, middle, and lower bedrock aquifers. The upper surficial aquifer is located in 
the unconsolidated glacial deposits while the lower three bedrock aquifers are divided by relatively 
impermeable layers of bedrock (Geraghty & Miller, 1988). The slope of these aquifers is towards 
the southwest, which agrees with current groundwater level data, which also flows towards the 
southwest. The source of the water supply for the aquifers is important in the study of water quality. 
The surficial aquifer obtains its water from infiltrating precipitation. Based on water levels obtained 
at the landfill, water level elevations may range from 5 feet below ground to greater than 50 feet 
below ground. Tables 3 .4 and 3 .5 show the monthly water levels recorded for 1999 and 2000 at wells 






Figure 3.7 Regional Surface Water System of Central Iowa (Twenter et. al., 1965) 
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in this table. Figure 3 .10 charts the fluctuation in groundwater levels observed at the site. Monitoring 
well MW-5 showed the largest fluctuation in 1999 at 5.74 feet and MW-34 in 2000 at 4.62 feet. 
The upper bedrock aquifer is a Mississippian age deposit of limestone and dolomite capped 
by an impermeable Pennsylvanian shale aquitard throughout most of south central Iowa (Geraghty & 
Miller, 1988). Water enters the upper bedrock aquifer by seeping through cracks in the separating 
layers where it is not confined aquifer or in through seepage from the surficial aquifer into the upper 
bedrock aquifer in areas where aquifers and aquitards are exposed (Geraghty & Miller, 1988). Due to 
the depth of the middle and lower bedrock aquifers, they are not relevant in this study. 
3.6 Previous Studies 
The issue of ground and surface water quality in the vicinity of a landfill has been monitored 
for several years. Studies have been conducted at the Metro Park East Landfill from the landfill siting 
process through the current monitoring program. The monitoring program used for this study in 
particular is the most intensive monitoring effort to date. However, several other studies have been 
conducted to determine the potential for the landfill to affect surrounding waters and more recently 
the recorded effect of the landfill on the surrounding waters. These are in addition to the semi-annual 
sampling required by the site permit with the Iowa Department of Natural Resources. Data is 
collected on both the groundwater quality and the leachate characteristics at the Metro Park East 
Landfill. 
3.6.1 Groundwater and Surface Water Quality 
A work plan was created in May of 1987 by the Iowa Department of Natural Resources in 
response to a directive from the Environmental Protection Commission (EPC) to identify the quality 
of the surface water and groundwater in proximity to the Metro Park East Landfill (IDNR, 1987). 
This plan consisted of sampling 24 private wells at a total of 16 private residences near the landfill 
and nine surface water points on Camp Creek and the tributaries near the landfill in May, June, and 
July 1987 (IDNR, 1987). The conclusion of the project was "there is no readily apparent impact on 
neighboring private wells attributable to the landfill (IDNR, 1987). 
Geraghty & Miller, Inc. performed a study in 1988 of existing information to evaluate the 
potential of the landfill affecting the surrounding surface water and groundwater and to determine if 
the landfill had affected these entities. This research was a result of the concern of neighbors that the 
landfill may have an impact on the surface waters. The report covers a great deal of data, including a 
summary of the geology, hydrology, and background information of the site. The final conclusion 
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made in the report was that they "did not find any evidence of a chemical plume" coming from the 
MPE landfill (Geraghty & Miller, 1988). 
The first recorded signs of a potential contamination plume at the Metro Park East landfill 
occurred in 1996. The current fill area, Phase IA, was installed with a liner system beginning in 
March 1996. During construction of the twenty-one acre area, a sedimentation pond, and a drainage 
way leading into the sedimentation basin, a seep was discovered in the drainage way leading to the 
pond (Weaver Boos, May 1996a). It was decided to excavate the seep and to install a gravel conduit 
to channel the seep into the drainage way. During this process, a four-inch diameter clay tile was 
exposed that the landfill personnel did not know existed (Weaver Boos, 1996a). The report indicates 
that the fill area construction was to be at least five feet above the drainage tile and the origin of the 
tile was unknown. A polyethylene pipe was extended from the clay tile to the drainage way. 
Although the seeping water was noted to be clear and did not portray obvious signs of 
contamination a sample was submitted to a laboratory for analysis. The laboratory results indicated 
the presence of six volatile organic compounds (VOC 's) at the sampling point labeled SW-I 05 
(formerly named SW-2 and SW-A). As a result of the presence of the VOC's, Metro Waste 
Authority was required to submit to the Iowa Department of Natural Resources (INDR) a Site 
Assessment Plan to determine the hydrogeologic characteristics of the site and the types, amounts, 
sources, and extent of contamination present (Weaver Boos, 1996a). 
The Site Assessment Plan created in response to the presence of the VOC's noted that the 
consultant believed that the contamination present was due to a spill or release that occurred years 
ago based on the VOC's present and their position in the natural degradation process (Weaver Boos, 
1996a). They reported that there was no PCE found in the sample for SW-105 and the highest 
concentration was cis-1,2-DCE which is midway through the PCE degradation process (Weaver 
Boos, 1996a). They note that there would have been higher concentrations of PCE and TCE present 
if the degradation process was in an earlier stage. 
Weaver Boos discussed the possible sources of the contamination and provided two 
possibilities. The first is that the landfill is the source of the contamination. The VOC's documented 
in the samples were prevalent in many products commonly disposed of prior to the mid 1980 's. 
However, leachate samples taken around that period oftime indicate that cis-1,2 DCE is the only 
VOC present in the leachate (Weaver Boos, 1996b). One would expect elevated levels ofthese 
VOC's in the leachate if the landfill was the source. Without eliminating the landfill as the source, 
Weaver Boos offered another possibility. Intentional or accidental spill of a liquid containing VOC's 
on the ground in the area between the landfill and the field tile discharge may have occurred (Weaver 
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Boos, 1996a). They suggest that a piece of equipment may have broken down requiring the use of a 
voe containing degreaser to repair the equipment. This would lead to a small, localized source of 
voe contamination (Weaver Boos, 1996a). 
The conclusion of the Site Assessment Plan suggested a three-month period of monthly 
sampling to determine the necessary actions to be taken. The sampling included surface water 
monitoring points SW-A and SW-B (currently SW-105 and SW-104 respectively) and monitoring 
wells MW-14, MW-29, MW-30, MW-31, MW-32 and MW-33. The sampling was to take place in 
August, September, and October 1996. 
The results from the August 1996 sampling event showed elevated levels of VOC 's in 
monitoring wells MW-29 and MW-30. MWA then had a subsurface investigation performed to 
determine the extent of the water bearing sand unit that contained the VOe's (Weaver Boos, 1996b). 
Twelve soil borings were drilled, five of which were converted to piezometers. The piezometers were 
labeled PZ-10IA, PZ-I05A, PZ-I07A, PZ-I09A, and PZ-l 12A and were retained for water level 
measurement points. Six points along Camp Creek were also sampled at this time to determine if the 
creek was affected by the contamination. None of the six sampling points indicated voe 
contamination. 
Based on the recommendations of the report submitted to address the Site Assessment Plan, 
the Metro Park East landfill has a requirement in their permit for additional sampling above the 
typical "e" and "f' lists required of most landfills in Iowa. The permit calls for sampling of a 
"modified d" list semi-annually at monitoring wells MW-29, MW-30, and MW-34 and surface water 
monitoring points SW-104 and SW-I 05. The modified "d" list contains eight volatile organic 
compounds not typically sampled. This is in addition to the semi-annual "e" list sampling and the 
annual "f' list sampling. In the event that either MW-34 or SW-I 04 show any elevated level of 
voe' s, MW A is required to submit a plan for and carryout a form of remedial action to prevent 
further contamination (IDNR Permit No. 77-SDP-l-72P). 
As previously mentioned, the IDNR site permit requires semi-annual sampling for the site. 
The groundwater monitoring wells and six surface water monitoring points included in this program 
are shown in Table 3.6 along with parameters that are sampled. Squares that are have an X and are 
shaded indicate that the sampling is not required for the IDNR requirements but is performed per 
Metro Waste Authority's request to monitor the CWTS efficiency and to monitor groundwater 
quality. The consultant hired to design the CWTS suggested these parameters. Laboratory and field 
data collected per the site permit are included in Appendix B, Table B. l, beginning with July 1989 
through October 2000. 
Table 3.6 Current Sampling Program for the Metro Park East Landfill 
MONITORING WELLS 
Parameters: 4 5 14 15 16 17 18 19 20 21 22 23 24 26 27 28 29 30 










Benzene X X 
Carbon Tetrachloride 
1,2-Dlchloroethane X X 
Trlc:hloroethylene X X 
1,1,1-Trichlorethane 
1,1-Dichloroethylene X X 
Paradichorobenzene 
,u I03.2(4)e 
Chloride X X X X X X X X X X X X X X X X X X 
Specific: conductance (field) X X X X X X X X X X X X X X X X X X 
lnH (field) X X X X X X X X X X X X X X X X X X 
Ammonia nitroien X X X X X X X X X X X X X X X X X X 
Iron, dissolved X X X X X X X X X X X X X X X X X X 
Chemical Oxve:en Demand X X X X X X X X X X X X X X X X X X 
Temperature (field) X X X X X X X X X X X X X X X X X X 
r,er 103.2(4}( 
ITotal oreanic halogens X X X X X X X X X X X X X X X X X X 
Phenols X X X X X X X X X X X X X X X X X X ,~, Cls-1,2-dlchoroethylene X X 
Trans-1,2-dlchoroethylene X X 
Tetrachloroethvlene X X 
Vinyl Chloride X X 
31 32 33 34 35 36 37 38 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X X 
X X X X 
X X X X X 
X X X X X 
X X X X 
X X X X X 
X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X 
X X X X X 
X X X X X 
X X X X X 
UNDERDRAIN 
1 2 3 4 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X 'X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
SURFACE WATER 





X X X X X 
X X X X X 
X X X X X 
X X X X X 
X ·X .x X X 
X X X X X 
X X X X X 
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3.6.2 Leachate Characteristics 
Leachate samples have been collected in the past to comply with the need to pump and treat 
the leachate generated on site at local POTW s. The sample point is a sump located southwest of 
monitoring well MW-14 (see Figure 3.1). Laboratory analytical results are included in Table 3.7. 
Comparison of Table 3. 7 to Table E. l (Appendix E) shows several of the differences between 
leachate and groundwater characteristics. Several of the parameters that are significantly higher in 
leachate than groundwater include specific conductance, chloride, ammonia nitrogen, dissolved iron, 
total phenols, total organic halogens, benzene, cis-1,2-dichloroethene, and dissolved chromium. The 
values of pH are observed to fluctuate more in the groundwater and surface water samples than in the 
leachate. Amounts of dissolved arsenic, barium, and cadmium are noted in the groundwater and 
surface water and in the leachate. These parameters are therefore not good indicators of leachate in 
groundwater or surface water. 
3.7 Summary 
The Metro Park East Landfill opened in 1970 to serve the Des Moines Metropolitan area. 
Waste has been accepted from both residential and commercial sources. Prior to 1987 there are 
several known landfilling activities that may have led to the potential for contamination of 
groundwater and surface waters surrounding the landfill. Current practices work to eliminate the 
disposal of household hazardous wastes, white goods, lead acid batteries, and other items that 
increase the potential for the landfill to have a negative effect on its surroundings. Studies have been 
performed on the ground water and surface water quality beginning with the siting of the landfill and 
continuing to date. Current management of Metro Waste Authority and the landfill encourage a 
proactive stance when monitoring the environment surrounding the landfill. The collection of data 
allows leachate quality to be compared to the groundwater and surface water to aid in the 
determination of effects on the environment. 
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Table 3.7 Leachate Analytical Results (Metro Waste Authority Data) 
Well No. Date Leachate USEPAHAL USEPANRL USEPAMCL 
Parameter :•:::•:•:,:,:::::::::::·:::•:•:::•:•:::::•:;:•:• ;;;;;;;titt;;;;;;;;;;;;;/;:;:;:;l~; .::::::::/:::.:.:::::::::.:::::::::::::::~.- ~;::::::~::::::;:::;:;:::;:;:;:;:;:;:::;:;:;:::: :::;:;.::~:;:;:;.;.;:;:;:;:;:;://~.~.;.;.; 





















































Table 3.7 Leachate Analytical Results (continued) 
Well No. Date Leachate USEPAHAL USEPANRL USEPAMCL 
Parameter .::::::::::::::::=::::::::::::::::::::::::::::::: ::::::::::::::::: .. ::::::::::::::::::::::::::::: ·····:·.: .• ,:,::::·:··:·=·····:::···:,.,•. :::::::::::::=:=:=:::·:::::::=:::::::·:·:·:·:=:· ;t;;;;;;;);;;;;l;;;i\;;t;/: 





















































Table 3.7 Leachate Analytical Results (continued) 
WellNo. Date Leachate USEPAHAL USEPANRL USEPAMCL 
Para.meter •:•:•:•:•;·=*···,•,•:•:•:•!•:•:~::?:.:,:•:•:-: -~-~-:-:,:,:1:,,,:,,,:,:,:-:,:-.• ~-~-~-:-~:~:-. .:.:.-~?.:::.·:~·.·r.:.:.:.-.:.:.:.·.: j;;;~;~Jt;:;;t~t:r;:;:;:;:r tltI~J~ttJtt~;tr~ 





















































Table 3.7 Leachate Analvtical Results (continued) 
Well No. Date Leachate USEPAHAL USEPANRL USEPAMCL 
Parameter .. :~ .•. : .•......... :,.,.,.~•.• .. •.• .. •'•'• ;;i!;;;:;:;:;:;~;:;:;iJ:~~:\;:J;: "f:\~i:J;:;f:;;;:;:i;:;:;f;; :t:~:::/:::-I/~-;)-:·'.:::): :: ·::;~:;\:_;\:;i::::;::::.-::::::_:~.::.:: 





















































Table 3.7 Leachate Analytical Results (continued) 
WellNo. Date Leachate 
Parameter :;:;:;:::::;::_;_;:;;;:;_:,:_;:;:;:;:;:;:::;;;_; .:.:.:.:.:.:.·.·.·.:.·:.::.·.·.:.:.··.:.:.:.: 
BOD - Five Day (mg/L) 
Cyanide, Total (mg/L) 












< - Indicates less than 
NA - Indicates Not Analyzed 









































































































USEPAHAL USEPANRL USEPAMCL 
;~~t~Jjf ;~~; f ~f tr~~titt} 
NE NE NE 
0.2 NE 0.2 
NE NE NE 
NE 0.00002 0.005 
0.005 NE 0.05 
NE NE o.ois 
0.002 NE 0.002 
2 NE 2 
0.1 NE NE 
NE NE 1.3 
NE NE NE 
0.1 NE NE 
2 NE NE 
USEPA HAL - Indicates United States Environmental Protection Agency Health Advisory Level 
USEP A NRL - Indicates Uni~ States Envirorunental Protection Agency Negligible Risk Level for Carcinogem 
USEPA MCL - Indicates United States Environmental Protection Agency Maximum Contaminant Level 
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CHAPTER4 SURFACE WATER QUALITY 
Surface water quality was one of the main concerns in this project. Potential exists for 
landfills to contain substances harmful to the environment. The potential also exists for leachate to 
migrate from the fill area to local water sources via surface runoff or groundwater interactions. 
Therefore, the water quality of the creek adjacent to the landfill and tributaries feeding the creek were 
investigated. A sampling program and sampling points were determined through a joint effort by 
Iowa State University and Metro Waste Authority for the Metro Park East Landfill. Samples were 
collected at the landfill from January 1999 through December 2000. 
4.1 Sampling Procedure and Laboratory Analysis 
Nine points were selected as surface water monitoring points. These surface water sites were 
sampled thirteen times a year, or approximately every 28 days. Three of these sites (surface water 
monitoring points SW-IO 1, SW-I 08, and SW-I 02) were originally chosen for a period of intensive 
sampling twice a year, once in the spring and once in the fall. This entailed sample collection at these 
points every week for a month in the spring and the same for the fall. Surface points SW-I 07, SW-
I 03, SW- I 04, and SW- I 09 were added in the spring of 2000 to enable a mass balance to be 
performed. A list of parameters sampled at the surface water monitoring points is shown in Table 
4.1. Fecal coliform and nitrate sampling was added in September 1999 at the request of neighbors 
concerned about a hog lot installation upstream from the landfill. 
4. 1.1 Monitoring Point Locations 
Five points were chosen along Camp Creek and four points monitored tributaries flowing into 
Camp Creek. Figure 4.1 shows the location of the sampling points. Surface water monitoring point 
SW-107 was chosen as the upstream (upgradient) sampling point and is located slightly north under 
the eastbound road of U.S. Highway 163. SW-101 is located immediately upstream of the 
convergence of the north tributary with Camp Creek. The samples at SW-101 were collected 
upstream of a drain tile that enters Camp Creek (see Figure 4.1). Surface water monitoring point SW-
108 is located south of monitoring well MW-3, southwest of the perimeter road. SW-102 is located 
immediately downstream of the convergence of the south tributary and Camp Creek. The final 
monitoring point along Camp Creek (SW-109) is located half a mile south of the landfill on the north 
side of the SE 6th Avenue bridge. 
Table 4.1 Summary of Surface Water Monitoring Points and Water Quality Parameters 
Frequency Once a Month and Every Week for 2 Months / Year 
(19 Samples/ Year) 
Parameter Surface Water Sites 
SW-101 SW-102 SW-103 SW-104 SW-107 SW-108 
Per 103.2(4)d 
Benzene X X X X X X 
1,2-Dichloroethane X X X X X ){ 
Trichloroethylene X X X X X X 
1, 1-Dichloroethylene X X X X X X 
Per 103.2( 4)e 
Chloride X X X X X X 
Chemical Oxygen Demand X X X X X X 
Ammonia Nitrogen X X X X X X 
pH (field)* X X X X X X 
Specific Conductance (field)* · X X X X X X 
Iron, Dissolved X X X X X X 
Temperature (field)* X X X X X X 
Per 103.2( 4)f 
Total Organic Halogen X X X X X X 
Total Phenols X X X X X X 
By Permit 
Cis-1,2-dichloroethylene X X X X X X 
Trans-1,2-dichlorothylene X X X X X X 
Tetrachloroethylene X X X X X X 
Vinyl Chloride X X X X X X 
Additional Sampling 
Nitrate X X X X X X 
Fecal Coliform X X X X X X 
Flowrate (field)* X X X X X X 






















Once a Month 

























Sampling points were established on both the north and south tributaries. Surface water 
monitoring point SW-106 is located immediately south of a box culvert that runs below U.S. 
Highway 163 east of the entrance to the Metro Methane Recovery Facility. This point is considered 
upgradient of the landfill. SW-103 is fed from the water passing through SW-106 and any ground or 
surface water entering between the two. SW-103 is located upstream of the north tributary 
convergence with Camp Creek downstream from SW-IO 1. Surface water SW-I 05 is located in the 
drainage way where Weaver Boos first noted a possible contamination in 1996. Water from SW-105 
drains into the southwest sedimentation pond. SW-104 is located downstream of the sedimentation 
pond before the tributary enters Camp Creek. 
4 .1.2 Equipment 
Several pieces of equipment were necessary for sample and data collection. The temperature 
and pH were recorded with a Hach sensI0N2 Portable pH/ISE meter with Platinum pH electrode 
(Hach Company, Loveland, Colorado). The specific conductance was recorded with a 
conductivity/TDS meter, Hach Model Number 44600 (Hach Company, Loveland, Colorado). Teflon 
plastic disposable hailers with a 1.5 inch diameter and 36 inch length (Geotech Disposable Bailer, 
Denver, Colorado) were used for sample collection. Disposable filters (Geotech dispose-a-filter™ 
Filter Capsules, Denver, Colorado) were used for filtered samples (dissolved metals). The plastic 
filters had a micron size of0.45 and a thickness of 191 µm. During low flow conditions when water 
was too shallow for the sample bottles to be placed directly into the water or when the filtered sample 
had too much sediment, a hand help vacuum pump (Geotech Hand Pump, Denver, Colorado) was 
used. This device has the capability for both vacuum and pressure, dependent upon whether the 
plastic disposable bailer was being filled (vacuum) or whether the sample bottles were being filled 
(pressure). 
Flowrate was initially obtained with a pygmy meter. The pygmy meter device was placed in 
the water 2/3 of the way from the bottom of the creek. The propeller device would then turn and 
produce a "clicking" sound for each revolution. Each click marked one foot per second flow. The 
velocity was determined by dividing the number of clicks by the time over which the "clicks" were 
counted. The width of the creek and several depth measurements across the creek were recorded to 
determine the flowrate. This device was not determined to be extremely accurate or reliable. 
Therefore, a Global Flow Probe (FP 10 l-FP20 I) from Global Water, Gold River, California, was 
ordered. The September 1999 sampling event was the first event during which the Global Flow Probe 
was used. 
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The Global Flow Probe may be used in two different ways to obtain the average velocity for a 
stream. The first method for small streams consists of slowly moving the device back and forth 
across the width of the stream, starting from the top and moving towards the bottom of the stream. 
The average velocity will be recorded as the propeller at the bottom of the device is turned by the 
water flow. A computer at the top of the device records both the instantaneous and the average 
velocity. If the stream is too wide for the first method, the stream may be divided into cross sections. 
The flow meter is then slowly moved vertically from the top of the stream to the bottom in several 
different locations. The average of these average flows is then calculated for an average across the 
stream cross section. This is the method most often used for this project. 
The width and depth of the creek were necessary for flowrate calculations. The depth was 
taken from the measurements on the flow meter, except in conditions of low flow (less than 0.26 feet 
depth of water). The width of the creek and the depth under low flow conditions were measured 
using a plastic 100-foot tape measure. 
Temperatures in Iowa tend to reach levels below freezing for several months in the winter. 
Camp Creek and the tributaries were both frozen for several sampling events due to these 
temperatures. A crow bar and hammer, ice auger, and a Johnson bar were therefore used to break 
through ice to allow for water sampling, if any water was present. 
A plastic container was used to collect the sample for pH, temperature, and specific 
conductance measurements on site. A certified laboratory supplied all bottles necessary for analysis. 
The preservatives, bottle type, and hold times for the parameters sampled are included in the 
following Table 4.2. The bottles arrived via Federal Express at the landfill packed in coolers with 
bubble wrap several days before the sampling was performed. Upon completion of a sampling event, 
the samples were taken to a delivery service to be overnighted to Test America Laboratories in Cedar 
Falls, Iowa. 
T bl 4 2 L b a e • a oratory s am1 > e na1ys1s ,qmpmen I A I . E t 
Parameter Preservative Bottle Type Sample Hold Time 
Chloride, Nitrate No Treatment 250 ml Plastic 28 days 
Ammonia Nitrogen, COD H2S04 Plastic 28 days 
Iron HN03 Plastic 28 days 
Total Organic Halogens H2S04 16 ounce Amber 28 days 
Total Phenols H2S04 Quart Amber Glass 28 days 
Volatile Organic HCI 40 ml Glass Vial (2) 7 days 
Fecal Coliform Sterile 125 ml Plastic 24 Hours 
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4.1.3 Collection Procedure 
Due to the 24-hour hold time on fecal coliform, monitoring well samples were generally 
collected prior to surface water site samples. Samples were collected in the following order: SW-104, 
SW-102, SW-105, SW-108, SW-101, SW-103, SW-109, SW-107, and SW-106. This sequence was 
determined to be the most efficient to complete the necessary field work in one day's time. The 
sampling procedure followed for sample and field data collection at each sampling point was 
generally the same. 
A cooler was packed with the necessary sample bottles, pH meter, and conductivity meter. 
The flow meter, hand held pump, disposable filters and hailers, and the tape measure were also taken 
to each sampling point. Two people were present for most sampling events. One person would enter 
the water at the sampling point, first collecting the fecal coliform sample in the sterile bottle. 
Provided there was sufficient depth of water, bottles were placed in the water to collect the sample 
without fully submerging them so the preservative was not lost. Field measurements were made from 
a plastic bottle of either 425 ml or 950 ml rinsed downstream from the sample collection point and 
filled with sample water. 
The second person would organize the bottles for sample collection, prepare the bailer and 
filter for use, and conduct the specific conductance, pH, and temperature measurements while the 
remainder of the sample bottles was filled. Samples were generally taken in the order of fecal 
coliform, total phenols, total organic halogens, chloride/nitrate, ammonia nitrate/COD, VOC's, and 
then iron. The VOC's and iron samples were field filtered. Upon completion of the sample 
collection, the data for flowrate determination was collected. Forms used to record field data are 
included in Appendix A. 
The width of the cross section was first determined using a plastic tape from one side of the 
water's edge to the other. The effective width, or the width where water was actually flowing, was 
used when there appeared to be areas of standing water on the banks of sample points. In the winter 
when ice was present, an attempt was made to break through the ice. When successful, the effective 
width was estimated based on attempting several holes across the cross section. Due to the shallow 
nature of the creek and tributaries in the winter months there was not always flowing water across the 
entire cross section. 
After estimating the effective width, either three or four ( depending upon the typical width) 
average velocities were determined along the cross section. Depths were measured at the points 
where average velocities were recorded. The velocity was at times non-detectable with the flow 
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meter. In this case, a flow at non-detect limits of O. 0 I feet per second was used for flowrate 
determinations. 
4.1.4 Laboratory Analysis 
Test America, Inc., located in Cedar Falls, Iowa, is certified in the state oflowa to perform 
laboratory analysis for landfill groundwater and surface waters. The analysis methods employed for 
each water quality parameter are listed in Table 4.3. 
T bl 4 3 A I . M th d ti W t S a e . na1ys1s e 0 or a er amp es 
Parameter Analvsis Method Laboratory Non-Detect Limit 
Chloride SM-4500-Cl E <5.0mg/L 
Chemical Oxygen Demand SM 5220 D <5.0mg/L 
Ammonia Nitrogen EPA 350.1 <0.20mg/L 
Total Phenols EPA420.2 <0.020mg/L 
Total Organic Halogens SW9020B <O.OlOmg/L 
Iron, Dissolved SW 6010B <O.IOmg/L 
Nitrate SM 4500-N03 D <1.0 mg/L 
Fecal Coliform SM 9222 D <10 colonies/100 mL 
Benzene SW 8260B <0.5 ug/L 
1,2-Dichloroethane SW8260B <0.4 ug/L 
1, 1-Dichloroethene SW 8260B <2.0 ug/L 
Cis-1,2-Dichloroethane SW8260B <1.0 ug/L 
Trans-1,2-Dichloroethane SW 8260B <1.0 ug/L 
Tetrachloroethene SW 8260B <1.0 uQ/L 
Trichloroethene SW 8260B <}.0 UQ:/L 
Vinvl Chloride SW8260B <0.3 uQ/L 
4.2 Summary of Water Quality Data 
The data received from Test America, Inc. and the data obtained in the field were 
summarized as presented in Appendix B. It should be noted that all data is a snapshot in time and 
may be different if recorded a day later than the day chosen. Monthly trends and weekly trends, for 
the more intensive sampling twice a year, were compiled at selected sampling points over a length of 
the creek. The data was then analyzed to determine if trends exist to show increasing or decreasing 
parameters in either Camp Creek or the tributaries. Trends were also examined to determine if 
parameter concentrations in the tributaries appeared to affect Camp Creek. These trends were 
examined over the two year period (in regard to time) and from upstream to downstream locations 
(spatially). Several methods utilized to examine the trends are included in the following sections, 
including strict observation of trends, Iowa Department of Natural Resources methods, and mass 
balance. 
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4 .2 .1 Observed Trends 
As presented in Appendix B, there is no consistent trend in the surface water quality data. A 
parameter may decrease as it moves downstream one month and then increase the next. Visually 
observed trends recorded during sampling events are included in Appendix C. The average 
concentration and the minimum and maximum concentrations in the nine surface water sites during 
all sample events over the two-year sampling period are listed in Table 4.4. Several occurrences may 
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Seasonal Sampling Results 
Seasonal changes may account for the fluctuations in concentration found for some of the 
water quality parameters. Figures 4.2 through 4.6 show the average concentration with a 90% 
confidence interval of the nine surface water monitoring points for the monthly sampling events. In 
Figure 4.2(a.), the pH measured in January through March 1999 and September 2000 were 
significantly lower than those observed during the other monthly sampling events. The pH peaked in 
February through April 2000 and November 2000. Specific conductance shown in Figure 4.2(b.) 
showed fairly consistent values with the exception of the May 2000 data, which was lower than other 
measured sampling events. This decrease corresponded with a decrease in pH measured for May 

























"'O 600 § 
C) 




9l°' .l A ~t 9l°' A ~'.::, 'j'::,t.::, ~'.::, ~'.::, 'j'::,t.::, i s?, ~'lJf ,# ~'I), \V ~~<:t ~o \'I),<$ ....,~ ~04 
Date 
60 
i (c.) 50 






.2 s 10 
c5 
0 
9l°' ~o,°' A -:::.:°'°' 9l°' A ~'.::, ~'.::, 'j'::,t.::, 'j'::,t.::, ~'.::, \'I),<;- i ~'lJ<:t 4.?, \'I),<;- ....,~ ~'lJf ~04 ~'I), \V ~c 
Date 
Figure 4.2 Monthly Average with 90% Confidence Interval of 9 Surface Water Points 
(a.) pH; (b.) Specific Conductance; (c.) Chemical Oxygen Demand. 
90 
oxygen demand in Figure 4.2(c.) showed a significant increasing trend from January to March 1999, 
the same time when the pH was significantly decreasing. A significant high peak also occurred in 
September 1999 and in May 2000. The June 2000 peak corresponded with those observed for both 
pH and specific conductance. 
Figure 4.3(a.) showed two significant increases in chloride in February 2000 and September 
2000. The ammonia nitrogen levels in Figure 4.3(b.) were significantly higher in January through 
March 1999, although they were decreasing. Significant peaks of high ammonia nitrogen levels were 
noted in January through March 2000 and again in May, June, and December 2000. Nitrate 
concentrations in Figure 4.3(c.) increased from May 2000 to a peak in June 2000. The levels then fell 
significantly in September and October 2000. 
The May 2000 fecal coliform values were significantly greater than other values measured 
(Figure 4.4(a.)). Changing the scale on the y-axis showed that values from June through September 
2000 were also significantly greater. Figure 4.4(b.) showed a significant increase for iron values in 
February and March 1999 and February and September 2000. Total phenols in Figure 4.4(c.) did not 
show any significant trends. The laboratory reporting limit was lowered for the October 1999 
sampling event which made it appear as a significant decrease but that was not so. In June 1999 and 
February and March 2000 there was a single sampling point with a level above the non-detect limit, 
which increased the average and 90% confidence interval for that sampling event. 
Total organic halogens in Figure 4.5(a.) showed a significant increasing trend in February and 
March of 1999. Benzene showed no significant trends in Figure 4.5(b.). The change shown in June 
2000 was the result of a change in the laboratory detection limits. The average increased in 
September 2000 due to detection in a single sampling point. PCE (Figure 4.5(c.)) showed two 
significant sampling periods in Februaryl999 and May 1999. March 2000 also showed a significant 
increase. The increase noted in June 2000 was due to a change in the laboratory non-detect levels. 
TCE in Figure 4.6{a.) showed similar trends to PCE in February 1999 and May 1999. The 
change in the laboratory non-detect level was noted in the June 2000 sampling event for both the TCE 
and cis-1,2-DCE (Figure 4.6(b.)). No other significant trends were noted for cis-1,2-DCE. The 
flowrate in Figure 4.6(c.) increased significantly for the May and June 2000 sampling events. 
Intensive Sampling Results 
Figures 4. 7 through 4 .11 show the average concentration with a 90% confidence interval of 
the nine surface water monitoring points for the intensive sampling events. The data is shown for five 
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Figure 4.3 Monthly Average with 90% Confidence Interval of 9 Surface Water Points 
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Figure 4.4 Monthly Average with 90% Confidence Interval of 9 Surface Water Points 
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Figure 4.5 Monthly Average with 90% Confidence Interval of 9 Surface Water Points 






















0 = a) 1.0 
.::: 



















A A A A 9)0, A ',:,'..::, ',:,'..::, ',:,'..::, ',:Jr;::, s::, ',:Jr;::, §c; ,s:c; i ~c; s'r, ~ef \'l> ~'!), \~ ~e(f, +o \'!), ... \~ +04 
Date 
Figure 4.6 Monthly Average with 90% Confidence Interval of 9 Surface Water Points 
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Figure 4. 7 Intensive Average with 90% Confidence Interval of 9 Surface Water Points 
(a.) pH; (b.) Specific Conductance; (c.) Chemical Oxygen Demand. 
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lower range of pH for the May 1999 sampling events. Within the May 1999 sampling set, the second 
week showed significantly lower pH and specific conductance (Figure 4.7{b.)) levels. The chemical 
oxygen demand (Figure 4.7(c.)) showed significantly higher values for the same week in May 1999. 
The same trend was noted for pH, specific conductance, and chemical oxygen demand during the last 
week of the May 2000 sampling events. 
The chloride levels (Figure 4.8(a.)) were significantly higher during the October 2000 
sampling events than the previous intensive sampling months. Ammonia nitrogen (Figure 4.8(b.)) 
levels were significantly greater in the second week of May 1999 sampling event and the second, 
third, and fifth week of May 2000 sampling events. Figure 4.8(c.) showed significantly higher levels 
of nitrate during the second and third weeks ofthe October 1999 sampling events. 
Figure 4. 9( a.) showed a significant increase in fecal coliform levels in the second and fifth 
weeks of the May 2000 sampling events. Iron values showed a significant increase in the first week 
of the October 2000 sampling events (Figure 4.9(b.)). Figure 4.9(c.) showed no significant trends in 
total phenols. The fifth week of the October 1999 sampling event appears lower due to a change in 
the laboratory non-detect levels. 
Total organic halogens (Figure 4. IO(a.)) showed a significant increase in the second week of 
May 1999 sampling event. Benzene and PCE (Figures 4 .1 O(b.) and ( c.)) did not show significant 
trends. The change in the average over time was due, in each event, to a single sampling point having 
a level above laboratory non-detect limits. 
Figures 4.11 (a.) and (b.) showed similar trends for TCE and cis-1,2-DCE. There were no 
significant trends, but each had two and one (respectively) events within the intensive sampling 
periods where a single monitoring point had a detectable level. The flowrate in Figure 4 .11 ( c.) shows 
two significant sampling events. The first occurred in the second week of the May 1999 intensive 
sampling and the second occurred in the last week of the May 2000 intensive sampling. 
In general, the nitrate concentration may vary based on the fertilization of the surrounding 
fields that drain into Camp Creek. Cattle were seen grazing and wading in Camp Creek south of 
surface water monitoring point SW-I 07 and immediately upstream of SW-I 03 during several 
sampling events. This occurrence may affect the fecal coliform levels noted at these times. Periods 
of higher rainfall may increase nitrate and fecal coliform concentrations due to runoff while dryer 
times may increase concentrations due to less dilution. 
Only four of the eight volatile organic compounds appeared in the results of the surface water 
monitoring. Volatile organic compounds are typically not found in open waters due to their ability to 
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Figure 4.8 Intensive Average with 90% Confidence Interval of 9 Surface Water Points 
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Figure 4.9 Intensive Average with 90% Confidence Interval of 9 Surface Water Points 
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Figure 4.11 Intensive Average with 90% Confidence Interval of 9 Surface Water Points 
(a.) TCE; (b.) Cis-1,2-DCE; (c.) Flowrate. 
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SW-105 in September 2000. Cis-1,2-DCE was detected in SW-105 during that same event. PCE 
occurred during four sampling events including February 1999, May 1999, July 1999, and March 
2000. TCE appeared in the same samples as the PCE for two events (February and May 1999) and in 
surface water monitoring point SW-102 for two additional sampling events in the spring of 1999. 
Several visual observations were recorded during the sampling events. Photographs taken at 
the sampling points are included in Appendix C. The most obvious physical changes were beaver 
dams built just north of surface water monitoring point SW-104 (in 1999) and just south of SW-102 
(in 2000). These dams caused backwater effects and affected measured flowrates before the dams 
were blown out by heavy rainfall. Rust stains were noted several times at SW-107, SW-101, SW-
103, SW-108, and SW-104. An oily sheen was noted by surface water monitoring points SW-103, 
SW-102, and SW-104 at various times during the sample events. The sheen at SW-I 03 was on the 
northwest bank and would therefore be coming from the farmland and not the landfill. As previously 
noted cattle were also seen in the creek and tributaries on several occasions. 
4 .2 .2 Regulatory Limit Exceedances 
The Iowa Department of Natural Resources (IDNR) has set action limits in determining the 
potential hazard of contaminants in water sources. These action limits are based on the United States 
Environmental Protection Agency Health Advisory Level (HAL), USEPA Negligible Risk Level 
(NRL), and the USEPA Maximum Contaminant Level (USEP A MCL). The "action level" as defined 
by the IAC 567 Chapter 133.2 is, for any contaminant, "the HAL, if one exists; if there is no HAL, 
then the NRL, if one exists; if there is no HAL or NRL, then the MCL" (IAC 567-133.2). In the case 
that no HAL, NRL, or MCL exists, an action level may be established by the IDNR based on "current 
technical literature and recommended guidelines of EPA and recognized experts, on a case-by-case 
basis" (IAC 567-133.2). The USEPA HAL is defined as a lifetime health advisory level 
( concentration) for a single contaminant at which a lifetime of exposure is not expected to cause 
adverse health effects (IAC 567-133.2). The USEPA NRL is defined as an estimate of one additional 
cancer case per million people exposed over a lifetime to the contaminant (IAC 567-133.2). The 
USEP A MCL is the maximum contaminant level for a parameter as defined in the Safe Drinking 
Water Act (IAC 567-133.2). 
During the course of this study, several action levels were exceeded in the surface water 
monitoring points. Table 4.5 shows the month and year that exceedances occurred at each location 
and the parameter that was exceeded. The surface water monitoring points are listed from upstream 
to downstream (SW-107 through SW-I 09) followed by the tributaries. 
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USEPA 
Parameter Location Date Measured NRL MCL 
Nitrate (mg/L) SW-107 5/15/00 10 NE 10 
5/31/00 12 NE 10 
6/26/00 12 NE 10 
SW-101 5/31/00 10 NE 10 
6/26/00 12 NE 10 
7/25/00 10 NE 10 
SW-108 6/26/00 12 NE 10 
SW-109 6/26/00 11 NE 10 
SW-106 5/31/00 16 NE 10 
6/26/00 15 NE 10 
7/25/00 10 NE 10 
SW-103 5/15/00 10.6 NE IO 
5/31/00 11 NE 10 
6/26/00 13 NE IO 
RP.nzene ( 110/L) SW-105 9/19/00 1.5 0.01 5 
PCE (µg/L) SW-101 2/11/99 7.3 IO 5 
SW-108 2/11/99 10.7 IO 5 
SW-I02 2/11/99 9.9 IO 5 
SW-IOI 5/5/99 16.3 10 5 
TCE (µg/L) SW-IOI 2/11/99 2.7 0.02 5 
SW-108 2/11/99 3.3 0.02 5 
SW-102 2/11/99 3.2 0.02 5 
SW-101 5/5/99 4.9 0.02 5 
NE denotes Not Established 
The most common exceedance occurred in the nitrate concentrations in the spring and 
summer months, when fertilizers were applied. It should also be noted that the locations of the nitrate 
exceedances were at the sampling points bordered by cropland. Surface water monitoring points SW-
104 and SW-105 did not receive runoff from farmland and SW-102 and SW-108 have crops only on 
one side. The tetrachloroethene and trichloroethene exceedances began in surface water monitoring 
point SW-101, which is also upgradient of the landfill. In the February 1999 event, these 
concentrations increased as they moved through the monitoring points influenced by landfill runoff 
and decreased at SW-109. However, the presence of these compounds in surface water monitoring 
point SW-101 suggests that the source may be other than the landfill. 
4.3 Mass Balance 
The quantity of water passing through each sample point varies. If the creek is a gaining 
stream it would be expected to gain flow further downstream. If the creek is a losing stream, the flow 
would decrease as it proceeds downstream. A technique has therefore been developed to obtain a 
type of "weighted average" to look at the concentrations of parameters measured in the creek. This 
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balances the difference found in concentrations based on the amount of flow passing through a 
sampling point. Figure 4.12 shows the proximity of each sampling point to the next point 
downstream. Surface water monitoring points SW-I 06 and SW-I 05 are not included since any effect 
they would have on Camp Creek would be seen in SW-103 and SW-104, respectively. Equations 
utilized for the mass balance are also included in Figure 4.12. The flow multiplied by the 
concentration at the downstream point is subtracted from flow multiplied by the concentration at the 
upstream point. In the case of a tributary joining the creek, the flow multiplied by the concentration 
is added to the equation. 
Prior to analyzing the data, several observations should be made. Mass balances may only be 
performed if the flow and concentration is available in the particular portion being studied. Several 
sampling events occurred when flowrates were unobtainable. The monitoring program was also 
adjusted as sampling progressed, as in the addition of fecal coliform and nitrates in September 1999. 
Therefore, concentrations of fecal coliform and nitrates were not available for the early sampling 
events. Surface water monitoring points SW-107, SW-I 09, SW-103 and SW-I 04 were added to the 
intensive sampling in 2000 to provide data during these periods to perform the mass balance. No data 
is therefore available for the 1999 intensive sampling events in regards to mass balance. 
The analysis is only as accurate as the data collected. The flowrate is a best estimate of the 
flow at the surface water monitoring point at the moment in time in which it was sampled. However, 
conditions such as ice and the channel bottom contours changing may affect the accuracy of the 
flowrates. The purchase of the new flowmeter probably increased the accuracy in flowrates 
measured. In order to obtain an accurate mass balance the flowrate would have to be recorded at the 
same time at all the surface water monitoring points, which is physically impossible. In the absence 
of this, the flow may change greatly as the sampling day progresses. For this reason, the May 31, 
2000 data was not calculated. 
The mass balance calculated for areas M2 and M3 is based on the assumption that flow is 
cumulative as it progresses downstream. The flow at surface water monitoring point SW-I 08 is 
therefore the sum of flows from SW-IO I and SW-I 03. The flow at surface water monitoring point 
SW-I 02 is the sum of measured flows from SW-I 08 and SW-I 04. This method makes the 
assumption that in between these points the creek is neither gaining nor losing, which may or may not 
be correct. Table 4.6 is a comparison between the measured flowrate at surface water monitoring 
points SW-I 08 and SW-102 and the sum of flows at the monitoring points immediately upgradient, 
including the tributary entering the creek. Assuming that measured flows are correct, the difference 

















Figure 4.12 Mass Balance Locations 
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Date (1999) 108 102 Date (2000) 108 102 
01/20/99 NA Gaining 01/17/00 Losing Gaining 
02/11/99 NA NA 02/07/00 Gaining Gaining 
03/15/99 Losing Losing 03/06/00 Losing Gaining 
04/14/99 Gaining Gaining 04/03/00 Losing Gaining 
05/05/99 Gaining NA 05/02/00 Losing Gaining 
05/12/99 NA NA 05/08/00 Losing NA 
05/20/99 NA NA 05/15/00 Losing NA 
05/27/99 NA NA 05/22/00 NA Gaining 
06/07/99 Gaining Losing 05/31/00 Gaining Losing 
07/06/99 Losing Losing 06/26/00 Losing Losing 
07/26/99 Losing Losing 7/25/00 Losing Gaining 
08/30/99 Losing Gaining 8/22/00 Gaining Gaining 
09/27/99 Losing Losing 9/19/00 Losing Losing 
10/01/99 NA NA 9/26/00 Losing Gaining 
10/07/99 NA NA 10/2/00 Losing Losing 
10/15/99 NA NA 10/10/00 Losing Losing 
10/26/99 Losing Gaining 10/17/00 Gaining Losing 
11/15/99 Gaining Losing 11/14/00 Gaining Gaining 
12/13/99 Losing Losing 12/19/00 Gaining Losing 
NA- Indicates Data Not Available 
losing. Based on this data, the creek appears to be gaining at some points and times and losing at 
others. As previously mentioned;, the accuracy depends on the accuracy offlowrate measurements. 
The results of the mass balance are included in Appendix D. The change in mass for each 
segment is noted in units of mass (either mg or µg:o depending on the parameter) per unit time and in 
units of mass per unit time per unit length. The mass per unit length per unit time data may be used to 
indicate whether there is a constant source of pollutants entering into Camp Creek throughout the 
length of each different segment. A positive number indicates the adjusted concentration is greater in 
the downstream monitoring point ( or combination of points) while a negative number indicates the 
concentration is greater in the upstream monitoring point. Only portions of select parameters are 
shown. Parameters that resulted in non-detect levels are not shown since the mass balance would 
reflect only the change in flow from point to point. Portions of parameters are shown if some events 
resulted in several non-detect levels. Three rows have been added at the end of the analyses for each 
parameter. These rows show the sum of the available mass balance for each segment;, the average of 
each segment, and the standard deviation. 
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The mass balance analysis for chemical oxygen demand does not show any consistent trend 
from the upstream segments to the downstream segments. It appeared that the mass increased more 
in segments one, two and four than in segment three, which was most affected by the landfill. The 
mass increase per unit length appeared greatest in segments one and two. Chloride on average 
showed a decreasing trend from segments one, two and three and increased in segment four. 
The mass balance on ammonia nitrogen was performed for only a few sampling events. Mass 
on average decreased in segments two and three. The average mass balance for ammonia nitrogen 
was greater in segment four than segment one. Nitrate gained mass in segments one through four. 
The greatest increase was noted in segment four. The mass increase of fecal coliform occurred in 
segment one, while a decrease was noted in segments two, three, and four. The increase in segment 
one was expected due to runoff and activities of the cattle directly in the creek. Iron increased in 
mass in segments one and three. 
Total phenols showed an increase in segment one, was essentially zero in segment two, 
decreased in segment three, and then increased in segment four. Total organic halogens increased in 
segment one. Only one event was analyzed for mass balance for PCE and TCE. The limited data 
does not allow an accurate assessment of the mass balance. 
One of the goals of this project was to determine if the landfill was impacting Camp Creek. 
A look at the overall mass balance between surface water monitoring point SW-I 07 and SW-I 09 
provides information regarding this assessment. Table 4. 7 shows the sum of mass accumulated in 
segments one, two, three and four and the sum of the mass per length gained or lost. The table also 
shows the direct calculation between SW-I 07 and SW-I 09. The flowrate at SW-I 09 was not 
collected until May 2000. Therefore, the mass balance at SW-I 02 was used for dates prior to May 
2000. To perform the direct calculation, the control volume also took into account mass added at 
SW-103 and SW-104. The final column shows the difference between the two methods of 
calculations. If data was missing from either form of calculation, the date was left out of the table. 
Analysis of Table 4.7 showed questionable results. Both methods of calculation for chemical 
oxygen demand showed a loss of mass from upstream to downstream. However, the values were an 
order of magnitude apart. The average chloride values showed a decrease in mass according to the 
summation method and an increase in mass by the direct calculation method. Ammonia nitrogen had 
an overall increase in mass by both methods. 
Results of the nitrate mass balance showed an increase in mass according to the summation 
method and a decrease in mass by the direct calculation method. The averages were similar, with 
both having values to the same magnitude, though opposite sign. Fecal coliform followed prior 
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Difference 
k(~M) k (~MIL) ~Ms ~MsfL ~M ~MIL 
Parameter Date Mass/s Mass/sift Mass/s Mass/sift Mass/s Mass/sift 
COD 5/2/2000 2.20E+07 -4.85E+03 l.43E+07 l.16E+03 7.71E+06 -6.0IE+03 
{mg/day or mg/day/ft) 5/31/2000 -l.93E+IO -l.06E+07 -3.48E+08 -2.82E+04 -1.90E+IO -1.05E+07 
6/26/2000 -2.22E+o9 -5 .82E+05 -9.16E+08 -7.42E+04 -1.30E+09 -5 .08E+05 
7/25/2000 -l.29E+08 -9.07E+04 -l.89E+08 -1.53E+04 6.04E+07 -7.53E+04 
8/22/2000 -l.02E+08 -1.87E+04 -6.59E+07 -5.34E+03 -3 .60E+07 -1.33E+04 
10/2/2000 8.0IE+o6 1.90E+03 -8.65E+06 -7.0IE+02 l .67E+07 2.60E+03 
10/ 10/2000 3.88E+06 4.49E+03 -2.17E+o6 -1.75E+02 6.04E+06 4.66E+03 
11/14/2000 -7.93E+07 -2.17E+04 -4.30E+07 -3.48E+03 -3.64E+07 -l.82E+04 
12/ 11/2000 -1.86E+07 -1.07E+04 0.00E+OO O.OOE+OO -1.86E+07 -l.07E+04 
SUM -2.18E+10 -l.13E+07 -1.56E+09 -l.26E+o5 
Avera2e -2.43E+09 -1.25E+06 -1.73E+08 -1.40E+04 
SD 6.38E+o9 3.SOE+06 3.03E+08 2.45E+04 
Chloride 5/2/2000 l.34E+08 4.42E+04 -2.91E+07 -2.36E+03 l.63E+o8 4.66E+04 
(mg/day or mg/day/ft) 5/31/2000 -2.05E+o9 -1.80E+06 5.66E+08 4.58E+04 -2.61E+09 -l.84E+06 
7/25/2000 2. ISE+o7 l .09E+04 -2.90E+08 -2.35E+04 3. l lE+08 3.44E+04 
8/22/2000 -2.70E+08 -l.lSE+05 -4.13E+07 -3 .35E+03 -2.28E+08 -l.12E+OS 
9/ 19/2000 9.92E+07 2.77E+04 2.46E+07 l.99E+03 7.46E+07 2.57E+04 
9/26/2000 3.94E+07 l.OSE+o4 3.24E+06 2.63E+02 3.61E+07 l.03E+04 
10/2/2000 5.37E+07 l.48E+04 -8.20E+06 -6.64E+02 6.19E+07 l.55E+04 
10/ 10/2000 -l.49E+08 -7.48E+04 -2.99E+07 -2.42E+03 -1.19E+08 -7.24E+04 
10/ 17/2000 l .83E+o8 5.36E+04 8.92E+06 7.23E+02 l.74E+08 5.29E+o4 
11/14/2000 -3.IOE+08 -7.82E+04 -4.74E+07 -3.84E+03 -2.63E+08 -7.44E+04 
12/11 /2000 l.30E+o5 7.46E+Ol O.OOE+OO O.OOE+OO l.30E+05 7.46E+Ol 
SUM -2.25E+09 -1.90E+06 l.56E+08 l.27E+04 
Averaee -2.04E+o8 -1.73E+OS l.42E+07 l.15E+o3 
SD 6.32E+08 5.42E+05 2.02E+08 1.64E+04 
Ammonia Nitrogen 9/ 19/2000 2.21E+05 6.12E+Ol 6.61E+04 5.36E+OO l.55E+05 5.58E+Ol 
{mg/day or mg/day/ft) 12/ 11 /2000 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+oO 
SUM 2.21E+o5 6.12E+Ol 6.61E+04 5.36E+OO 
Averaee 1.llE+OS 3.06E+ol 3.3IE+04 2.68E+OO 
SD l.57E+05 4.33E+Ol 4.68E+o4 3.79E+OO 
Nitrate 6/26/2000 4.70E+o8 1.61E+OS -8.33E+07 -6.75E+03 5.54E+08 l.68E+o5 
(mg/day or mg/day/ft) 7/25/2000 3.64E+o7 l.39E+o4 -l.83E+08 -l.48E+04 2.19E+08 2.87E+04 
8/22/2000 -2.99E+07 -8.83E+03 6.73E+06 5.4SE+02 -3.66E+07 -9.38E+03 
9/ 19/2000 3.80E+06 1.08E+o3 -3.30E+05 -2.68E+Ol 4.13E+06 l.l lE+03 
9/26/2000 3.30E+06 1.07E+03 -9.71E+OS -7.87E+Ol 4.27E+06 l.lSE+o3 
10/2/2000 l .29E+06 3.39E+02 -l.74E+06 -l.41E+02 3.03E+06 4.80E+02 
10/ 10/2000 6.62E+05 2.33E+02 -5.59E+06 -4.53E+02 6.25E+06 6.86E+02 
10/ 17/2000 6.53E+o5 -1.16E+OO -9.83E+05 -7.97E+Ol 1.64E+o6 7.85E+Ol 
11/14/2000 -2. IOE+07 -6.24E+o3 -2.57E+06 -2.09E+02 -l .84E+07 -6.03E+03 
12/ 11/2000 O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
SUM 4.66E+08 l.62E+05 -2.72E+08 -2.20E+04 
Avera2e 4.66E+o7 1.62E+04 -2.72E+07 -2.20E+o3 
SD l.50E+o8 5.12E+04 6.07E+07 4.92E+o3 
Fecal Coliform 5/2/2000 -l.08E+l3 -5 .36E+09 -1.79E+o9 -l.45E+05 -l.08E+l3 -5.36E+09 
(colonies/day or 5/31/2000 -1.60E+l4 -4.32E+IO -l.94E+l3 -l.57E+09 -1.41E+l4 -4.16E+IO 
colonies/day/ft) 6/26/2000 4.76E+l I 1.29E+08 3.17E+ IO 2.57E+o6 4.44E+l I l.27E+08 
7/25/2000 -2.79E+IO -7.87E+06 -9.0IE+08 -7.30E+o4 -2.70E+IO -7.80E+06 
8/22/2000 -l.02E+08 l.41E+06 -5 .8SE+09 -4.74E+OS 5.75E+09 1.88E+06 
9/ 19/2000 3.83E+09 9.37E+05 4.13E+07 3.35E+03 3.79E+09 9.34E+OS 
9/26/2000 l.llE+09 2.42E+05 4.79E+o8 3.88E+04 6.27E+08 2.03E+OS 
10/2/2000 3.97E+09 l.16E+o6 3.17E+08 2.57E+04 3.65E+09 l.13E+06 
12/ 11/2000 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
SUM -1.71E+l4 -4.84E+10 -1.94E+l3 -l.57E+09 
Avera2e -l.90E+13 -5.38E+09 -2.16E+12 -1.75E+08 
SD 5.31E+13 1.43E+l0 6.48E+l2 5.25E+08 
Iron 8/22/2000 l.30E+07 7.53E+03 -8.96E+04 -7.26E+OO l.30E+07 7.54E+03 
(mg/day or mg/day/ft) 9/ 19/2000 1.16E+o5 3.37E+Ol -5.21E+04 -4.22E+OO l.68E+OS 3.79E+Ol 
9/26/2000 3.41E+o4 9.08E+OO 9.87E+03 7.99E-Ol 2.42E+04 8.28E+OO 
11/14/2000 - l.96E+OS -5.36E+ol -6.26E+o3 -5 .07E-01 -1.90E+OS -5.31E+Ol 
SUM 1.29E+07 7.52E+03 -1.38E+05 -1.12E+Ol 
' Averaee 3.23E+o6 1.88E+03 -3.45E+04 -2.SOE+OO 
SD 6.49E+o6 3.77E+03 4.51E+04 3.66E+OO 
TOH 5/2/2000 -3.20E+OS -4.65E+Ol -l.97E+04 -1.60E+OO 2.06E+04 l.67E+o0 
(mg/day or mg/day/ft) 6/26/2000 -6.45E+OS -l.79E+02 6.69E+04 5.42E+o0 7.7SE+o5 6.28E+Ol 
9/ 19/2000 -l.43E+03 l.60E+OO 3.48E+03 2.82E-Ol 3.72E+o3 3.02E-Ol 
9/26/2000 -1.28E+04 -3.47E+o0 -l.52E+o4 -l.24E+OO -1.44E+04 -l.17E+OO 
10/10/2000 l.22E+03 4.06E-Ol -8.07E+o3 -6.54E-Ol 9.79E+02 7.93E-02 
11/ 14/2000 -4.72E+04 -2.59E+Ol l.02E+04 8.26E-Ol l.14E+04 9.23E-Ol 
12/ 11/2000 O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO 
SUM -1.03E+o6 -2.53E+02 3.76E+04 3.04E+OO 
Avera2e -l.47E+o5 -3.62E+Ol 5.37E+03 4.35E-01 
SD 2.49E+OS 6.56E+Ol 2.91E+04 2.36E+OO 
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trends with both methods showing a loss of mass from downstream to upstream. Iron showed an 
increase in mass according to the summation method and a decrease in mass by the direct calculation 
method. The summation method for total organic halogens showed a loss of mass while the 
comparison method showed a gain in mass as the creek proceeds downstream. 
A number of errors may have been present in the measurement of flow. Even without error, 
the cross-section of the stream used was very rough, based on several points across the width. The 
results of the summation method, therefore, may have error not only from the flow measured at SW-
107, SW-109, SW-103, and SW-104 but also each point used in the calculations in between the two 
outermost points (SW-101, SW-108, and SW-102). For this reason, the direct comparison would tend 
to be a more accurate portrayal of the mass balance along Camp Creek. 
4.4 Statistical Analysis 
Many methods may be utilized to examine the large extents of data collected in the course of this 
project. The Iowa Department of Natural Resources has a method utilized for municipal solid waste 
landfills in the state of Iowa comparing average upstream concentrations plus two times the standard 
deviation to the downstream concentrations. Another method combines the data set at each 
monitoring location into a simple plot showing the average and 90% confidence interval of each data 
set. 
4.4 .1 IDNR Method 
The IDNR method requires that each landfill annually submit the results from a minimum of 
semi-annual water quality monitoring, dependent upon site-specific requirements. The data must be 
analyzed in a way such that the mean plus two times the standard deviation is compared for each 
upgradient monitoring point to the related downgradient monitoring points. The mean minus two 
times the standard deviation is also compared for pH. Any downgradient sampling points with 
parameters exceeding the mean plus two times the standard deviation for the upgradient monitoring 
point are reported annually to the IDNR. This method allows for seasonal or other natural variation 
within a given sample points data. 
The mean plus two times the standard deviation for surface water monitoring point SW-107 
(the upgradient point) was compared against the collected data for the remaining four downstream 
sampling points along Camp Creek. The results for the monthly sampling along Camp Creek are 
summarized in Table 4.8. Results of the February 11, 1999 sampling event showed exceedances in 
four parameters including tetrachloroethene and trichloroethene. The February 7, 2000 sampling 
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event also showed exceedances in four parameters at multiple sampling points. High flow occurred 
during the May 31, 2000 sampling event. This event showed exceedances in four parameters 
including chemical oxygen demand, fecal coliform, iron, and flowrate. pH, chemical oxygen 
demand, and total organic halogens were the most common parameters with statistical exceedances. 
PCE and TCE exceedances were consistent in surface water monitoring point SW-101 in the first half 
of both years during which samples were collected. SW-101 is upstream of the landfill. 
Table 4.9 shows the statistical exceedances for the semi-annual intensive weekly sampling in 
May and October. Examining the statistical data for these four five-week periods brings several 
Table 4.8 Statistical Exceedances for Monthly Sampling Events Based on IDNR Method 
(Shaded areas were not exceedances for that samplin event.) 
Parameter 
pH (S.U.) 
Date SW-101 SW-108 SW-102 SW-109 
2111199 ... 7'16.lf&.:.x::wras·~:c. 6.09 :::;:ar1.1c:.:.:. 
3115199 ··~:·Jwv,rr !·!·!·!·:·=:w,1c:··:: 6. 08 :···::>i·g1.nc 
1/17 /00 tn:~s.mo.Mt· 4. 2 7 Mt6.1flMH HttlfMti'll 
8122100 5. 7 4 5. 97 :::bK·ikb::::: :t:•d:f:k1:'.::::::::::. 
Soecific Conductance (umhos/cm) 12/11/00 1088 1061 1059 ·.·:·:·.·:·:.·81:Z?·'.·? 
Chemical Oxygen Demand (mg/L) 2/11/99 :::::::::)Alt::::·:·:·:·· ::·:::·::).$.Ji:L:::::::;:· 17 :::·:·:·:::::Wf'.IL::·;::;:. 
Chloride ( mg/L) 
Ammonia N itrog:en ( mg:/L) 
Fecal Coliform (c/lOOmL) 
Iron (mg/L) 
Total Phenols (mg/L) 
Total Organic Halogens (mg/L) 
Tetrachloroethylene (µg/L) 
Trichloroethylene (µg/L) 
5/31/00 i.llJI'.lllil 18 23 H@ililff.iilli 
6126100 mMiit.fii'M.·i i-ik·i·'.·i·i'@lMi#i 25 M~-Ml'='~'tt-i-• 
I 0/ 1 7 /00 17 ·:H:·:::-Ulfob::::: :·b:::::::lf:!:-bk :%:fr:::1·2:+::::-m. 
2/7/00 603 564 569 f:Jt#Wtd:: 
2/7/00 2.56 2.26 2.23 2.05 
9/27/99 -MU'tiffffitM 29.000 22.000 28.000 
5/31/00 34.000 150.000 360.000 60.000 
2/7100 ii.JifaU%;ii o .23 ifii.Jil@.fo itJKi~ffo 
5131100 .mn1ms.nm o .13 o .16 mJ:mlim:i· 
1125100 mmnIMmm 0.26 M:i:Mi$:@~ ••• ;m~ffi:':btimm 
3115199 mmum11mu. o. 05 :t'.iiltJHli@ :.mmuu.111 
12113 ;99 ::::::::::rtrn:::::::::::=· ::::tnJffl.tt::t:: ::tttnltl'.:'.:::: o. 02 o 
1 / 17 /00 i]:IlmlH@t ·:l:lDttltlmt O. 0 3 0 .f~-illlllfl 
512100 i:.i)Ui·ifff:Mt;t ':H:ltth@!.;t.! o. 022 t::fathtUk!l 
2111199 1.3 10.1 9.9 mmiNM:nm 
5 I 5/99 16 .3 ·-:·:·:-261.ML.w: ·:·:···Jrt:1:L:.:, w:J\1:Mi.w:w 
1126199 2.5 ::::::::·::::-:;.r:;:::::::::·::.:: 2.2 ·::::::::::=:ms.c·:::t 
316100 2.5 ::T::Jffi@l+:::i:· ;i;d:IHib:·:i :·:idi.Mbf:i 
2/11/99 2.7 3.3 3.2 .:ttNNf:::i::::f 
5 I 5/99 4. 9 :.:::::·\Nttt·:::::-: ••• :::-:·=]p0:i;(::.:~:: :.·=·=···t®tf:·t::::: 
Flowrate (ft'/s) 5/31/00 246.2 359.6 240.6 302.3 
*The upper and lower limits are calculated for only pH. 

















observations to light. The pH values in the intensive sampling period have a lower range between the 
high and low statistical levels than in the monthly sampling. This showed that less variation occurred 
over this time, although pH was once again the parameter with the most exceedances. Total organic 
halogens also had a large number of upper limit exceedances. The majority of exceedances 
Table 4.9 Statistical Exceedances for Intensive Sampling Events Based on IDNR Method 
(Shaded areas were not exceedances for that samplin event.) 
Parameter Date SW-101 SW-108 SW-102 SW-109 
pH (S.U.) 5/5/99 6.94:.::·.·:·::71(qr: .... : 6.98 7.04 
5112199 6.50 6.63 6.47 .::m::::::Al5.:::t::t;:;: 
5/20/99 6.99 6.90 6.65:t:·:·:s&!::::····:·:·:·:.:· 
5126199 6.94 1.09 6.98 :mwmw•mt:P: 
512100 6.85 ?f .. HllS J·" ;ifr>1MH++: .. w ..AJl]D("+ 
5;31100 7.15 1.18 :::;:::~·:.:;;@fll.Mdt 1.02 
9126100 .·.·.·.·:·.·::::ttis.:.-.:.:.:.:·:·:·: ·:·:·:.:::;;::JM;jr,:·:;·:··:: ·::r:::·:%mr.:.-.:::::.: 6. 87 
1012100 8.79 .. ,.\M#tfafi~l;VPU1$T/t lt=Hi>tZC:~· .. f 
Chemical Oxygen Demand (mg/L) 5/12/99 67 91 72 :.Y····,._NAt::.tt:· 
5/8100 18 :F?·\:·¥t.:?:·?·:·:·: 20 :·?·:?%1tt-:·:·:·:?? 
5;31100 MJMttf:@·tlJ 18 23 :·HHlll#.lll@·· 
Chloride (mg/L) 10/17 /00 91 85 84 · .., ......... , .. •.·#Jit··· ••• :~\i 
Ammonia Nitrogen (mg/L) 518100 o.33 o.33 0.35 ::~mmn~tSMiM: 
5/31/00 0.33 0.32 ::::@tb.@$.t::;:M::: 0.31 
Fecal Coliform (c/lOOmL) 9/27/99 M;@HMlmllt; 29,ooo :llf:!f.JllWM; 28,ooo 
518100 ;\@lJ%imimm 120,000 640.000 ==~=m-m11J1@ 
5/31/00 34,000 150,000 360,000 60,000 
Iron (mg/L) 10115;99 ~.;/;~Mltl!IMm J@MIIUtlf··Uf o .1 o tlMN.t#IWl 
5/31/00 :@M.:fi~fisMtM o.13 0.16 ·::¥¥U~Qs;:W:\:: 
Total Phenols (mg/L) 6/7199 o. 022 .:.: •.• ::: ••••• :.oa,r. .. -:;:.····· ..• ;;..:.Jru1.t..: •..... ;:::. :.:L-... -.;ottJt.-•.•.•.• ;L .• 
5/8/00 O .146 :·:·:::::··:::-:0.iO.l:t:t:-::: :::::::t:·:·OJ-0.·k:ti:: V····::d)ill::-:::-:::t:· 
Total Organic Halogens (mg/L) 515/99 :·:·:::::::··trnus:·:·::··~--~ :·::·:·:::·:·:0mus.=:-:=:::·:::=: ·:·:=::=·:·:Jn:ms.rt.: o. o 12 
sn2199 0.015 0.012 0.021 • ••• n.m:ma1nrn:.·n· 
9/27 /99 0.011 (···>:tt.UMrr· :;::.:.rmoo,r=··.w Y'?§Wl'"•"•"•'.•''.• 
1011199 ·l:;:11m-0mmJ; 0.011 1..uom;n;.~~rn .·H> sw;·.;m~m 
10126199 o. o 11 @;m:.-,~ttl··~mml :Mmu1tu:1:nr: rn·Mtlm.1.rnm 
512100 .:~r:·:··m~oo,w:;:::·:·: 0.011 0.022 ·:~···:w-nmf:~··m::~ 
518100 .·MtimmammmI 0.016 wwt11m1tt·I1: 0.015 
5/31/00 0.013 0.014 0.017 0.013 
9126100 rnr.:.:moo.ittt: o. o 19 ;.:m~;;.m00,1.m:t:: ·m:·.;~.,~t.t'ffitrnt 
Tetrachloroethylene (µg/L) 515/99 16. 3 .=:::::::::::=:J1A::·:·:::::-.:::t x:=::_::rnts:::::::=·=:=::::: ·=::=::=·:=:::::;111r:x:;==:::= 
5/12/99 \·· .• ·.:+iU~S;,·.r:t:· -l·=:\ •. :.:t11:J:":.·:::.::..: .•. •. 14 .1 i-+···:·;NW>··->··· 
5/20/99 ·:.:.:::::::::t@lSt-··-.=.m §.:=.=.·.#:t!MiNW····· 13 .1 ' •• ,·:::q:;NAtt···=···· 
Trichloroethylene (µg/L) 515199 4. 9 :: •• : •• m~-.:UL.: ...... •... z ........ JM::iC.J: .::;:;: ... foU.Gt.;.;:;. 
5112199 :·:·:··<·dihi::·:i:i/ .::::t;::;::Jl~S.·:·?·:.:-::::: 3 .8 ·.z:n?B.f:·F:::·:: 
5120199 t·\f:J.ts;ttn~·, .... ·.··:nJt:t-·m: 3.3 ·:r:rww:n-t· 
Flowrate (ft3/s) 5/12/99 498.6 294.8 290.3 t::.'.:.:::'.::N!t:::·::::t:'. 
5/31/00 246.2 359.6 240.6 302.3 
*The upper and lower limits are calculated for only pH. 
















occurred in the May sampling events. This may be due to increased rainfall causing increased runoff 
from both the landfill and surrounding farmland and fanning activities that occur in the spring. 
4.4.2 Parameter Averages with 90% Confidence Interval 
A large amount of data was collected over the extent of this project. Other methods for 
plotting it more efficiently were therefore explored. The WinSTAT add-in program for Excel was 
used to create a series of figures. These figures display the average value with a 90% confidence 
interval for each set of data. The surface water monitoring points along Camp Creek are displayed 
along the x-axis and the parameter values are displayed along the y-axis . The observations made off 
these figures visually show the trends noted based off the range and mean discussed earlier. 
4.4.2.1 Monthly Trends 
Figure 4.13(a.) showed the trend of pH throughout the sampling points along Camp Creek. 
The average tended to decrease as flow moved downstream through the landfill points. Figure 
4.13(a.) showed the monthly trends of pH in the tributaries. As seen in Figure 4.1, surface water 
monitoring point SW-I 06 flows into SW-103 and then into Camp Creek downstream of SW-101. 
Monitoring point SW-105 flowed through the southwest sedimentation pond, through SW-104, and 
then into Camp Creek upstream of SW-I 02. The lower pH values in SW-I 05 and SW-I 04 may have 
caused the lower pH observed in SW-I 02, although it was not significantly lower. The average 
specific conductance shown in Figure 4.13(b.) did not show significant variance as flow proceeds 
downstream. Figure 4.13(b.) showed the significant difference between SW-105 and the remaining 
tributary points. This was believed to be an effect from monitoring well MW-30 and will be 
discussed further in Chapter 6. 
The average chemical oxygen demand value in Camp Creek increased at SW-I 02 in Figure 
4 .14( a.). The increase in SW-I 02 may be attributed to the higher levels noted in SW- I 05 and SW-
104 in Figure 4.14(a). Figure 4.14(b.) showed decreasing average chloride levels along Camp Creek. 
The average chloride level shown in Figure 4.14(b.) for SW-105 was greater than those noted in the 
other tributaries, though not significantly. 
Average ammonia nitrogen levels decreased as flow progressed down Camp Creek (Figure 
4.15(a.)). Levels of ammonia nitrogen in the tributaries increased as flow moved towards Camp 
Creek, as seen in Figure 4.15(a.). Nitrate levels also generally decreased downstream, with a slight 
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Figure 4.13 Average Monthly Parameter Trends with 90% Confidence Interval 
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Figure 4.14 Average Monthly Parameter Trends with 90% Confidence Interval 
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Figure 4.15 Average Monthly Parameter Trends with 90% Confidence Interval 
(a.) Ammonia Nitrogen; (b.) Nitrate. 
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105 were significantly lower than those noted in both the north tributary and Camp Creek, as seen in 
Figure 4.15(b.). 
The average fecal coliform levels in Camp Creek increased from surface water monitoring 
point SW-101 to SW-108 to SW-102 (Figure 4.16(a.)). Cattle have been noted in Camp Creek 
downstream from SW-107 and immediately upstream ofSW-103 (Figure 4.16(a)). This would 
explain the increase in coliform levels at SW-101 and SW-I08. However, since there are no known 
cattle entry points between SW-I 08 and SW-I 02 it would be expected that the levels would decrease. 
The increase may be due to a combination of factors. One may be runoff from pastureland adjacent 
to SW-102 where cattle graze. Another reason may be the presence of the beaver dams immediately 
upgradient of SW-I 04 and immediately downgradient of SW-I 02 (which caused backwater for 
several sampling events). The cause of elevated levels at SW-I 05 is not known. 
Iron levels in Camp Creek and the tributaries were generally non-detect (Figures 4. I6(b.)). 
Slight levels were occasionally noted in SW-I 06 and SW-I 03 and slightly greater levels were noted 
in the sampling points effected by the landfill (SW-108, SW-102, SW-105, and SW-104). However, 
these levels were non-detect by the time flow reached the downstream monitoring point SW-I 09. 
Total phenols were non-detect at all the surface water sampling points for the monthly 
sampling events with the exception of three events at SW-101 and one event at SW-105 (Figures 
4 .17 (a.)). Variation seen in the other sampling points is the result of a change in the laboratory non-
detect limit. The average total organic halogens increased at points influenced by the landfill as 
shown Figure 4 .17 (b.). Concentrations noted at SW-I 05 and SW-104 (Figure 4 .17 (b.)) were greater 
than those noted in Camp Creek and the north tributary. 
Only PCE and TCE show any significant trends when examining the presence of volatile 
organic compounds in the surface waters. PCE was present in samples analyzed from four sampling 
events in Camp Creek (Figure 4. l 8(a.) ). The average jumped between SW-I 07 and SW-10 I before it 
decreased as flow moved downstream. As noted previously, SW-101 does not receive direct 
influence from the landfill. PCE was not sampled in the tributaries (Figure 4.18(a)) for two of the 
events during which it appeared in Camp Creek. It did appear in the four sampling points for one of 
the two remaining detection events. During the fourth detection event PCE appeared only in SW-106 
and SW-103. TCE in Figures 4.18(b.) mirrored the trends noted for PCE. 
Flowrate varied greatly depending on the sampling location and the season. Beaver dams 
affected the flow at surface water monitoring points SW-103, SW-104, and SW-102. Flow increased 
during spring and summer months and decreased through fall and winter. The observed average in 
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Figure 4.16 Average Monthly Parameter Trends with 90% Confidence Interval 
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Figure 4.17 Average Monthly Parameter Trends with 90% Confidence Interval 
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Figure 4.18 Average Monthly Parameter Trends with 90% Confidence Interval 
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Figure 4.19 Average Monthly Flowrate Trends with 90% Confidence Interval 
exception of a slight decrease at SW-I 02. The decrease at SW-102 may be largely due to the 
presence of the beaver dam in 2000. Average flowrates calculated for surface water monitoring 
points SW-I 03 and SW-104 showed much lower flows than those noted on the creek (Figure 4 .19). 
4.4.2.2 Intensive Trends 
Samples were collected for the three weeks in between monthly sampling events for the 
intensive sampling period in May and October of each year. The plots developed for the intensive 
sampling period include the tributaries and the monthly sampling event at the beginning and end of 
each intensive period. Figure 4.20(a.) showed the average pH remained relatively constant in the 
creek. Although not significant! y lower, SW-106, SW-105, and SW-104 had averages lower than 
those in the creek did. The intensive sampling specific conductance trends seen in Figure 4.20(b.) 
indicated a steady average between 600 - 700 umhos/cm with the exception of SW-105. Surface 
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Figure 4.20 Average Intensive Parameter Trends with 90% Condfidence Interval 
(a.) pH; (b.) Specific Conductance; (c.) Chemical Oxygen Demand. 
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Chemical oxygen demand during the intensive sampling events (Figure 4.20(c.)) did not 
show significant trends. The average did increase at SW-101, SW-108, and SW-102 along Camp 
Creek. The averages at SW-105 and SW-104 were also greater than those noted in the creek and 
north tributary. Chloride levels along Camp Creek in Figure 4.21(a.) did not show any significant 
trend. However, the average noted in SW-106 was lower than the other average values while the 
average in SW-105 was higher than other averages noted. 
Ammonia nitrogen at SW-105 (Figure 4.2l(b.)) was also higher in SW-105 than the other 
measured points, although not significantly. The nitrate levels in SW-104 and SW-105 were 
significantly lower than those measured in Camp Creek and the north tributary shown in Figure 
4.2 l(c.). Fecal coliform showed a large range of averages in Figure 4.22(a.) but did not show any 
significant trends. The average values with 90% confidence interval for iron (Figure 4.22(b.)) and 
total phenols (Figure 4.22(c.)) did not show any significant trends. 
The total organic halogens shown in Figure 4.23(a.) did not show any significant trends, 
although it is noted that the average at SW-105 is greater than the other sampling points. Benzene in 
Figure 4.23(b.) again showed an average greater at SW-105 than the other sampling points. Figure 
4.23(c.) showed the higher average PCE at SW-101 and SW-102 due to levels above non-detect. The 
same is true in Figure 4.24(a.) with TCE. Cis-1,2-DCE in Figure 4.24(b.) showed a higher average at 
SW-105 than the other sampling points. The high flowrates in Figure 4.24(c.) reflected the effects of 
the spring and fall rains. It was observed that the observed flow did not increase as flow proceeded 
downstream. This may have been due in part to the sampling order and the decrease in flow during 
the day after a heavy rainfall event. No significant trends were noted in the flowrate. 
4.5 Conclusions 
The effect of the Metro Park East Landfill on Camp Creek appears to be minimal. Surface 
water samples collected over a two year time period in Camp Creek and two of Camp Creek's 
tributaries did not show an appreciable effect of the landfill on the water quality in the creek. There 
was a lack of notable trend noted was the lack of notable trends both in the monthly and intensive 
sampling and even seasonally. Levels of nitrate and fecal coliform noted in sampling points were 
assumed to be attributed to fanning activities in the area. The occurrence of volatile organic 
compounds appeared in the waters upstream of the landfill that indicates the landfill may not be the 
sole source ofVOC's, ifit is a source. Several NRL's and MCL's were exceeded with the largest 
number coming from the presence of nitrate. The PCE and TCE exceedances occurred in SW-101, 
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Figure 4.21 Average Intensive Parameter Trends with 90% Condfidence Interval 
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Figure 4.22 Average Intensive Parameter Trends with 90% Condtidence Interval 
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Based on the measured flowrates at surface water monitoring points SW-I 08 and SW-I 02, 
Camp Creek is at times a gaining stream and at times a losing stream. This is important in examining 
the surface water / groundwater interaction. The mass balance performed based on measured 
concentrations and flowrates did not show a significant increase in mass at the points along Camp 
Creek most directly affected by the landfill. Due to data limitations, mass balances were performed 
only on selected monitoring points for selected sampling events. 
The Iowa Department ofNatural Resources methodology for determining statistical 
exceedances was used to analyze Camp Creek. Based on this method, several parameters over the 
two-year sampling period were considered as exceedances compared to the data for surface water 
monitoring point SW-I 07, the upstream sampling point. pH, chemical oxygen demand, total organic 
halogens, and PCE had the greatest number of exceedances. These tended to occur most frequently in 
January through March. The examination of statistical exceedances for the intensive sampling 
periods in May and October again show pH and total organic halogens with the greatest number of 
exceedances. The exceedances tend to occur in May rather than October. 
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CHAPTER 5 GROUNDWATER QUALITY 
5.1 Sampling Procedure and Laboratory Analysis 
Five groundwater-monitoring wells were selected for inclusion in the study. The location of 
these wells is shown in Figure 4.1. These wells were sampled thirteen times a year, or approximately 
every 28 days. A list of parameters sampled at the groundwater monitoring points is shown in Table 
5. I on the following page. 
5. I . I Monitoring Point Locations 
Based on previous groundwater monitoring at the site it had been determined that the 
groundwater flow was generally in the direction of northeast to the southwest. Five monitoring wells 
were chosen to capture possible flow between the landfill and Camp Creek. Monitoring well MW-5 
is the furthest north located along the back road, south of the Methane Recovery Facility. Another 
well, MW-I 7, was chosen south ofMW-5. Monitoring wells MW-29 and MW-30 were chosen 
knowing that evidence of contamination previously existed within these wells. The final monitoring 
well, MW-34, is located south east of the south west sediment pond. This well was installed as a 
trigger well to determine if the contamination from MW-29 and MW-30 was moving towards Camp 
Creek. Piezometer PZ-107A is located southwest of the sediment pond. This location was sampled 
once in February 2000 to determine if the possible plume of contamination was migrating to the 
southwest of the southwest sediment pond. 
5 .1.2 Equipment 
The monitoring wells were fitted with dedicated Waterra pumps and tubing for water 
extraction from the well. The Waterra tubing was fed through a device that fit on the well head to 
hold the system steady while filling the sample bottles. Equipment and shipping procedures for 
sampling are described in Section 4.1.2. 
5 .1.3 Collection Procedure 
Due to the 24-hour hold time on fecal coliform, monitoring well samples were generally 
collected prior to surface water site samples. Samples were generally collected in the following 
order: MW-I 7, MW-29, MW-30, MW-34, MW-5. This sequence was determined to be the most 
efficient to complete the necessary field work in one day's time. 
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Table 5.1 Summary ofMonitorin2 Points and Water Quality Parameters 
One Time 
Frequency Once a Month (13 Samples/ Year) Sample Event 
Parameter MW-5 MW-17 MW-29 MW-30 MW-34 PZ-107A 
Per 103.2(4)d 
Benzene X X X X X X 
1,2-Dichloroethane X X X X X X 
Trichloroethylene X X X X X X 
1, 1-Dichloroethylene X X X X X X 
Per 103.2(4)e 
Chloride X X X X X X 
Chemical Oxygen Demand X X X X X X 
Ammonia Nitrogen X X X X X X 
pH (field*) X X X X X X 
Specific Conductance (field*) X X X X X X 
Iron, Dissolved X X X X X X 
Temperature (field*) X X X X X X 
Per 103.2(4)f 
Total Organic Halogen X X X X X X 
Total Phenols X X X X X X 
By Permit 
Cis-1,2-dichloroethylene X X X X X X 
Trans-1,2-dichlorothylene X X X X X X 
Tetrachloroethylene X X X X X X 
Vinyl Chloride X X X X X X 
*Field Measurements 
The static water level and well depth were measured at each well for each sampling event. 
Each monitoring well was purged until either three well volumes were removed or the well was 
pumped dry. A five-gallon bucket was used to estimate the volume of water removed from the wells. 
The water level was taken immediately following the completion of purging. The well was then 
allowed to recover to a level close to static. The water level was measured again before the sample 
was collected to ensure sufficient recovery had occurred. 
At the onset of the project, the groundwater was purged into a three-gallon bucket for sample 
collection. From the bucket a disposable bailer was filled and used to fill the sample bottles. This 
procedure was abandoned for two reasons. The main reason was that the groundwater may have been 
compromised when it was exposed to the air. This method was also very time consuming. A metal 
device was therefore utilized that fit onto the well casing. This allowed for the waterra tubing to be 
held steady so the sample bottles could be filled directly from the well. The disposable filters 
(Geotech dispose-a-filter™Filter Capsules, Denver, Colorado) with a micron size of0.45 and a 
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thickness of 191 µm were attached to the end of the waterra tubing allowing the filtered samples to be 
collected in the same method. 
The specific conductance, pH, and temperature measurements were made while the 
remainder of the sample bottles was filled. Samples were generally taken in the order of total 
phenols, total organic halogens, chloride, ammonia nitrate/COD, VOC's, and then iron. The VOCs 
and iron samples were field filtered. Upon completion of the sampling, the samples were stored in a 
cooler to be shipped to the laboratory that evening. 
5 .1.4 Laboratory Analysis 
Test America, Inc., located in Cedar Falls, Iowa, is certified in the state of Iowa to perform 
laboratory analysis for landfill ground and surface waters. The analysis method employed for each 
method is listed in Table 4.3. 
5.2 Summary of Water Quality Data 
The data received from Test America, Inc. and the data obtained in the field are summarized 
in Appendix E. The data from the one time sampling event at piezometer PZ-107 A is also included in 
Appendix E. Trends were studied on a monthly basis ( only surface water monitoring points were 
analyzed in the intensive monthly sampling periods). It should be noted that all data is a snapshot in 
time and may be different if recorded even a day later than the chosen day. 
5.2.1 Observed Trends 
The most prominent trend observed for this study is the apparent contamination seen in 
monitoring wells MW-29 and MW-30. Also included in the observed trends are visual observations 
made and recorded during sampling events. Photographs of the monitoring points utilized for this 
project are included in Figure 5 .1. The concentration range and the average concentration in the five 
monitoring wells over the two-year sampling period are listed in Table 5.2. Values that were reported 
by the laboratory as non-detect were divided by two for this table and other calculations for 
assessment. The largest ranges occur in pH, specific conductance, chemical oxygen demand, 
chloride, and ammonia nitrogen. The range and average shown were greatly affected by the large 
values seen in monitoring wells MW-29 and MW-30. The volatile organic compounds (benzene 
through vinyl chloride) were observed only in monitoring wells MW-29 and MW-30. 
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Monitoring Well MW-5 Monitoring Well MW-17 
Cluster of Wells at MW-17 Monitoring Well MW-29 
Monitoring Well MW-30 Monitoring Well MW-34 
Figure 5.1 Monitoring Wells 
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The values measured at each sampling point are plotted in Figures 5 .2 through 5. 6. The pH 
values in Figure 5.2(a.) showed relatively steady values in 1999 and decreasing values in 2000. 
Values reached a low in July 2000. Specific conductance values in July 2000 showed a consistent 
rise among the sampling points (Figure 5.2(b.)). The specific conductance values at MW-30 were 
consistently higher than the other points measured. The values shown in Figure 5 .2( c.) for chemial 
oxygen demand were consistently higher in MW-30 than most other sampling points. MW-5, MW-
17, MW-29, and MW-34 also showed occasional values greater than laboratory non-detect although 
no pattern was present. 
Chloride in Figure 5.3(a.) was consistently greater in MW-29 and MW-30 than in the other 
sampling points. Levels in MW-30 appeared to be steadily increasing from May 2000 through 
December 2000. MW-17 showed the highest levels of ammonia nitrogen in Figure 5 .3(b. ). 
Monitoring well MW-30 also consistently had greater concentrations than the other sampling 
locations did. Iron in MW-30 was significantly greater than levels noted in the other wells (Figure 
5.3(c.)). 
Total phenols in Figure 5 .4(a.) were relatively consistent with the exception of one sampling 
event in October 1999 during which MW-17 and MW-29 had values greater than laboratory non-
detect. The increase that appeared in January 2000 was due to an increase in the laboratory non-
detect level. Total organic halogens were consistently greater in MW-29 and MW-30 than the other 
wells in Figure 5.4(b.). The difference between values in MW-29 and MW-30 appeared to increase 
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Figure 5.3 Monthly Groundwater Sampling Trends 
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Figure 5.4 Monthly Groundwater Sampling Trends 
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Figure 5.5 Monthly Groundwater Sampling Trends 
(a.)1,2-Dichloroethane; (b.) PCE; (c.) TCE. 
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Figure 5.6 Monthly Groundwater Sampling Trends 
(a.)Cis-1,2-DCE; (b.) Trans-1,2-DCE; (c.) 1,1-DCE. 
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December 1999. Figure 5.4(c.) showed that benzene levels in MW-29 and MW-30 were once again 
greater than those observed in the other wells. 
Figure 5.5(a.) showed 1,2-Dichloroethane values in MW-29 were greater than laboratory 
non-detect levels. PCB was also greater than laboratory non-detect levels in MW-29 (Figure 5.5(b.)). 
Several sampling events in early 1999 showed concentrations greater than laboratory non-detect at 
MW-30. Concentrations ofTCE, however, were consistently above laboratory non-detect in both 
MW-29 and MW-30 (Figure 5.5(c.)). Levels in MW-29 were significantly greater than those in MW-
30. 
Values observed in Figure 5.6(a.) for cis-1,2-DCE were significantly greater in MW-29 and 
MW-30. However, unlike TCE, the concentrations closely mirrored the two wells. The same trend 
was observed fortrans-1,2-DCE (Figure 5.6(b.)) with the exception ofthe August 2000 event where 
the value in MW-29 jumped significantly. Noted values of 1,1-DCE were generally non-detect with 
the exception of one sampling event at MW-30 in October 1999 shown in Figure 5.6(c.). Vinyl 
chloride values in MW-30 were initially greater in 1999 than those observed in MW-29 (Figure 5.6). 
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5.2.2 Regulatory Limit Exceedances 
The Iowa Department of Natural Resources (IDNR) has set action limits in determining the 
potential hazard of contaminants in water sources. Section 4.2.2 provides a brief explanation of these 
limits. During the course of this study, several action levels were exceeded in two of the groundwater 
monitoring points. Table 5 .3 shows the month and year that exceedances occurred at monitoring well 
MW-30 and the parameter that was exceeded. The exceedances in monitoring well MW-29 are listed 
in Table 5 .4. These tables show that the volatile organic compounds are present in significant 
quantities in both wells. The USEP A HAL, USEPA NRL, or the USEP A MCL was exceeded in at 
least one of the months sampled for seven of the eight VOC's sampled for the project. Trans-1,2-
DCE was the only VOC in the sampling program that did not have a regulatory exceedance, although 
quantities were detected in the samples from monitoring wells MW-29 and MW-30. 
5.3 Statistical Analysis 
5 .3 .1 IDNR Method 
The IDNR method requires that each landfill annually submit the results from a minimum of 
semi-annual water quality monitoring, dependent upon site-specific requirements. The data must be 
analyzed in a way such that the mean plus two times the standard deviation is compared for each 
upgradient monitoring point to the related downgradient monitoring points. Any downgradient 
sampling points with parameters exceeding the mean plus two times the standard deviation for the 
upgradient monitoring point are reported annually to the IDNR. The wells chosen for inclusion in 
this project did not include the selection of a true upgradient well at the site. Monitoring wells MW-
24 or MW-26 would need to have been sampled in order for this analysis to be performed on the 
monitoring wells. For this reason, this analysis was not performed. 
5.3.2 Parameter Averages with 90% Confidence Interval 
The WinSTAT add-in program for Excel was used to create a series of figures. These figures 
display the average value with a 90% confidence interval for each set of data. The five groundwater 
monitoring points analyzed for this project are displayed along the x-axis and the parameter values 
are displayed along the y-axis. Unlike the surface water monitoring points where few significant 
trends were noted, many significant trends were found within the monitoring well analysis. The 
majority of the trends were found within monitoring wells MW-29 and MW-30, although ammonia 
nitrogen in MW-17 also showed a significant difference. As previously mentioned, none ofthe wells 
are particularly downstream from the other. 
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Table 5.3 Monitoring Well MW-30 Exceedances 
Measured USEPA USPEA USEPA 
Parameter Date Value HAL NRL MCL 























1,2-Dichloroethane (µg/L) 1/20/99 0.4 NE 0.004 NE 
1,1-Dichloroethene (µg/L) 10/26/99 9.5 7 NE 7 























Tetrachloroethylene {µg/L) 1/20/99 9.7 NE 10 5 
2/11/99 20.3 
NE dentoes Not Established 
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Table 5.3 Monitoring Well MW-30 Exceedances ( continued) 
Measured USEPA USPEA USEPA 
Parameter Date Value HAL NRL MCL 




















































NE dentoes Not Established 
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Table 5.4 Monitoring Well MW-29 Exceedances 
Measured USEPA USPEA USEPA 
Parameter Date Value HAL NRL MCL 


















































NE dentoes Not Established 
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Table 5.4 Monitoring Well MW-29 Exceedances (continued) 
Measured USEPA USPEA USEPA 
Parameter Date Value HAL NRL MCL 




















































NE dentoes Not Established 
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Table 5.4 Monitoring Well MW-29 Exceedances (continued) 
USEPA USEPA USEPA 
Parameter Date Measured HAL NRL MCL 


























Figure 5.8(a.) showed the average pH measured at the monitoring wells throughout the 
project. Monitoring wells MW-29 and MW-30 showed pH levels significantly lower than those in 
MW-5 and MW-17. The pH in MW-34 was not significantly lower than MW-5 and MW-17, 
although the average fell between the two groups of wells. The specific conductance trends in Figure 
5.8(b.) were similar for MW-5, MW-17, MW-29, and MW-34. However, MW-30 levels were 
significantly higher. The same trend is noted in Figure 5.8(c.) for chemical oxygen demand. 
Chloride in Figure 5.9(a.) showed significantly high concentrations in MW-29 and even 
higher concentrations in MW-30. Ammonia nitrogen does not follow the previous trends in that 
MW-17 showed the most significant difference in levels (Figure 5.9(b.)). Monitoring well MW-30 
also shows significantly higher values. Iron in Figure 5.9(c.) showed several significant levels. MW-
30 had the greatest significance in the levels noted. MW-17 and MW-34, however, also had 
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Figure 5.8 Average Monthly Parameter Trends with 90% Confidence Interval 





















































Figure 5.9 Average Monthly Parameter Trends with 90% Confidence Interval 













































































Figure 5.10 Average Monthly Parameter Trends with 90% Confidence Interval 
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Figure 5.11 Average Monthly Parameter Trends with 90% Confidence Interval 
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Figure 5.12 Average Monthly Parameter Trends with 90% Confidence Interval 
(a.) Cis-1,2-DCE; (b.) Trans-1,2-DCE; (c.) 1,1-DCE. 
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Total phenols in Figure 5. lO(a.) did not show any significant trends. Figure 5. lO(b.) did 
show significantly higher levels of total organic halogens in MW-29 and MW-30. Of note is the fact 
that MW-29 concentrations were significantly higher than those seen in MW-30. Benzene in Figure 
5.lO(c.) followed previous trends ofMW-30 significantly higher than MW-29 and MW-29 
significantly greater than the remaining three wells. 
Figure 5.1 l(a.) did not show any significant trends for 1,2-dichloroethane. PCE in Figure 
5.1 l(b.) showed no significant trend for MW-30. However, MW-29 was significantly greater than 
the other wells. TCE in Figure 5.1 l(c.) was significantly greater in MW-29 and MW-30, although 
MW-29 showed significantly greater levels than MW-30. 
Figures 5.12(a.) and (b.) showed similar trends for cis-1,2-DCE and trans-1,2-DCE. MW-29 
and MW-30 both showed significantly higher trends, although there was no significant difference 
between concentrations recorded in these two wells. 1,1-DCE in Figure 5.12(c.) did not show any 
significant trends. Vinyl chloride in Figure 5 .13 showed significantly higher trends in MW-29 than 
MW-30 and MW-30 than the other studied wells. The significance of concentrations greater in MW-
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Figure 5.13 Average Monthly Vinyl Chloride Trends with 90% Confidence Interval 
5.4 Tetrachloroethylene Degradation 
Tetrachloroethylene and daughter products have been consistently reported in monitoring 
wells MW-29 and MW-30. Figure 2.2 in Chapter 2 gave the path of PCB degradation and Figure 2.3 
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showed the process of replacement of the chloride with hydrogen bonds. It was in the interest of this 
project to determine what stage of breakdown the PCE in monitoring wells MW-29 and MW-30 was 
currently in and if possible determine if there was still a source of PCE entering the groundwater 
regime in this area. 
The concentrations of PCE and its daughter products for monitoring well MW-29 were 
graphed in Figure 5.14. The cis-1,2-DCE concentration was greater than those noted for the other 
parameters. The first two measurements of cis-1,2-DCE showed concentrations much closer to those 
for the other parameters. The trans-1,2-DCE and 1,1-DCE showed the lowest concentrations. This 
trend fitted with the research previously mentioned that cis-1,2-DCE dominates over the other two. 
PCE, TCE, and cis-1,2-DCE followed the same general trend of increasing and decreasing trends over 
the months monitored. The higher levels of TCE than PCE supported the degradation of the PCE 
compound. Vinyl chloride, or the end product, showed a slight increase in concentration over the 
two- year study period. Data available prior to January 1999 or after December 2000 would have 
allowed further support to the degradation process seen in monitoring well MW-2 9. 
Figure 5 .15 showed the concentrations of PCE and its daughter products for monitoring well 
MW-30. Cis-1,2-DCE was by far the dominant compound in monitoring well MW-30. 
Concentrations of the other parameters measured were significantly lower ranging down to laboratory 
non-detect levels. Vinyl chloride concentrations were slightly higher than TCE concentrations. Other 
than an occasional spike in the beginning of the monitoring period the PCE concentrations were at 
laboratory non-detect levels. This indicated that the source of the PCE was not a continual source for 
this particular plume. 
5. 4 .1 Direct Well Comparison 
Figures 5 .16 through 5 .21 examined the concentration of PCE and its daughter products in 
monitoring well MW-29 compared to MW-30. Figure 5.16 showed the PCE concentration in 
monitoring well MW-30 was at the laboratory non-detect level with the exception of three sample 
events. The PCE concentration in MW-29 had fluctuated with a generally increasing trend. The 
trichloroethylene concentrations shown in Figure 5 .17 were also significantly greater in monitoring 
well MW-29 than MW-30. The TCE concentration in monitoring well MW-29 was generally 
increasing while the TCE concentration in MW-30 was relatively constant. 
Monitoring wells MW-29 and MW-30 mirrored each other in regards to the cis-1,2-DCE 
concentrations shown in Figure 5 .18. The two wells fluctuated between which had the higher 
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Figure 5.19 Trans-1,2-DCE Concentrations in Monitoring Wells MW-29 and MW-30 
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Beginning with the April 2000 sample event it appeared the concentration in monitoring well MW-29 
was greater other than the November 2000 results. Trans-1,2-DCE in monitoring well MW-30 
(shown in Figure 5.19) was consistently greater than in MW-29 other than one event in August 2000. 
The 1, 1-DCE concentrations (Figure 5 .20) in both monitoring wells MW-29 and MW-30 were 
laboratory non-detect levels other than one sampling event at MW-30. Concentrations of cis-1,2-
DCE and trans-1,2-DCE did not explain the spike observed in the November 1999 1,1-DCE 
concentration at MW-30. The vinyl chloride concentrations shown in Figure 5 .21 again showed 
similar patterns between monitoring wells MW-29 and MW-30. In November 1999 concentration in 
MW-29 became consistently greater than in MW-30. The vinyl chloride concentrations in monitoring 
well MW-29 also increased at a greater rate than in MW-30 after November 1999. 
5 .4.2 Mann-Kendall Test 
The Mann-Kendall Test is a non-parametric test that may be used to define the stability of a 
contamination plume. This test requires at least four sample events for analysis (this project provided 
26 sample events). Concentrations at individual sample points are compared to previous months 
results. If the current month is greater than a prior sampling event measured level, the number one is 
assigned to that comparison. If the values are equal, the number zero is assigned to that comparison. 
If the current sampling event is less than a prior event, the number negative one is assigned to that 
comparison. Upon comparison of each sampling event to the others, the numbers are summed to 
obtain the Mann-Kendall Statistic (S). The S-value is then compared to the Confidence Level Chart 
shown in Figure 5.22. This figure was expanded from that shown in Wiedemeier et al., 1999, due to 
the number of sampling events for this project. If the number of sampling events and S value place 
the results in the upper portion where it denotes ''No Trend Indicated" then the plume is stable. If the 
comparison falls in the lower portion (shaded) where it denotes "Trend Probably Present" then the 
plume is either expanding or diminishing. If the S value is positive, the plume is expanding and ifit 
is negative the plume is diminishing. Due to the large number of sampling events, the Mann-Kendall 
Test was evaluated separately for 1999 and 2000 for both MW-29 and MW-30. 
The Mann-Kendall Test computations for MW-29 are included in Appendix F. MW-30 
computations are in Appendix G. The results ofthe Mann-Kendall Test are summarized in Table 5.5. 
Monitoring well MW-29 showed expanding plumes for specific conductance and chloride in 1999. 
Total organic halogens were diminishing in 1999, though expanding in 2000. MW-29 in 2000 
showed expanding plumes in 6 of the sixteen parameters, including benzene, trans-1,2-DCE, and 
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Figure 5.21 Vinyl Chloride Concentrations in Monitoring Wells MW-29 and MW-30 
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Confidence Level Chart 
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Figure S.22 Mann-Kendall Confidence Level Chart (adapted from Wiedemeier et al., 1999) 
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towards MW-29. Results for MW-30 showed expanding plumes for specific conductance in 1999 
and chlorides in 2000. The remainder of the events were either diminishing or exhibited no trend. 
PCE, TCE and vinyl chloride showed diminishing plumes in 1999. The lack of expanding plume 
results for MW-30 may indicate that the source of contamination was no longer present. 
5. 4 .3 Degradation Rate 
Weaver Boos Consultants, Inc. performed in situ hydraulic conductivity testing in 1996 when 
monitoring wells MW-29 and MW-30 were first installed. The results of this testing gave a hydraulic 
conductivity of 4.41 X 10-5 emfs for MW-29 and 1.63 X 104 emfs for MW-30. Taking an average of 
the two numbers to determine an approximate hydraulic conductivity between the two wells yields 
1.04 X 104 emfs. The distance between the two wells is approximately 512 feet. Assuming that the 
averaged hydraulic conductivity is reasonable, this means that under ideal conditions it would take a 
particle 1,737 days or 4.76 years to travel from monitoring well MW-30 to MW-29. Therefore, if 
data was collected from the time of the contamination and the contamination occurred upgradient of 
159 
MW-30, it would be approximately 4.76 years before the tetrachloroethylene would appear in MW-
29. Likewise, without remediation it would be anticipated that approximately 4.76 years after vinyl 
chloride is last measured in monitoring well MW-30 it would be last seen in MW-29. This did not 
take into account processes that occur in the soil structure and groundwater between MW-30 and 
MW-29. 
Application of Darcy's Law (Q = kiA) allows calculation of a PCE degradation rate based on 
site conditions during each sampling event. The average zero order degradation rate of PCE, based 
on sampling events in 1999 and 2000, was estimated to be - 4.64 x 10-3 µg • ft/(L • day). 
5.5 Conclusions 
There appears to be contamination of portions of the groundwater at the Metro Park East 
Landfill Surface. Groundwater samples collected over a two year time period from five monitoring 
wells did show an impact of leachate from the landfill. Two of the groundwater monitoring wells, 
MW-5 and MW-17, located along the west portion of the landfill, did not show appreciable effect. 
Groundwater monitoring well MW-34, which was installed as an indicator well, has not shown any 
questionable results. However, monitoring wells MW-29 and MW-30 have a history of volatile 
organic compounds measured since their installation in 1996. 
During the exterit of this project, monitoring wells MW-29 and MW-30 exceeded the USEP A 
HAL, USEPA NRL, and/or the USEPA MCL for seven of eight VOC's in MW-30 and six of eight 
VOC's in MW-29. Upgradient wells were not measured for this project so the IDNR statistical 
exceedance method could not be used for the monitoring wells. 
Tetrachloroethylene degradation has been observed in MW-30 and MW-29. Levels of PCE 
and TCE seem to be decreasing in MW-30 while increasing in MW-29. Concentrations of cis-1,2-
DCE and trans-1,2-DCE in monitoring wells MW-29 and MW-30 were very similar. In April 2000, 
levels in MW-29 of cis-1,2-DCE became greater in MW-29 than MW-30. Vinyl chloride is also 
present in greater concentrations in MW-29 than MW-30. As levels decrease in monitoring well 
MW-30, it is assumed that the source of contamination is no longer spreading and with time the PCE 
will continue to degrade out of MW-29 and MW-30. 
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CHAPTER 6 GROUND AND SURFACE WATER INTERACTION 
Groundwater and surface water quality were the main concerns of this project. Given the 
potential of landfills to contain substances harmful to the environment, and the potential for leachate 
to migrate from the fill area to local water sources, the water quality of these waters was questioned. 
Chapters 4 examined the surface water quality while Chapter 5 looked at the groundwater quality. 
This chapter will examine the interaction between the two. 
6.1 Summary of Water Quality Data 
The groundwater quality was monitored through the use of five of the existing on monitoring 
wells. Based on the analysis provided in Chapter 5, groundwater monitoring wells MW-5, MW-17, 
and MW-34 do not show signs of appreciable impact from the landfill activities. These wells are 
therefore not considered in discussion of the interaction between the surface waters and groundwaters 
at the Metro Park East Landfill. However, monitoring wells MW-29 and MW-3 0 did show 
appreciable signs of impact, potentially from the landfill. The interaction between the groundwater in 
this area and the surface waters nearby will thus be examined. Surface water monitoring point SW-
105 is located spatially immediately south ofMW-29 and MW-30, and west ofMW-30 (see Figure 
4.1). Trends at these locations were studied on a monthly basis. 
The most prominent trend observed for this study is the apparent contamination seen in 
monitoring wells MW-29 and MW-30, and increased levels in surface water monitoring point SW-
105. The parameter's average measured in surface water monitoring point SW-I 05 over the two-year 
sampling period is listed in Table 6.1. The next column shows the 90% confidence interval for SW-
105. Also included are averages ofthe parameters for the surface water sampling points (SW-105 is 
not included) and groundwater sampling points (MW-29 and MW-30 are not included). Values that 
were reported by the laboratory as non-detect were divided by two and included in this calculation. 
The average at SW-105 with the 90% confidence interval was not within the average for of the 
surface water monitoring points and/or monitoring wells for pH, specific conductance, chemical 
oxygen demand, chloride, ammonia nitrogen, iron, total organic halogens, and 1, 1-DCE. However, 
the trend was not consistent. The pH average was greater than the 90% confidence interval for the 
surface water but less than the 90% confidence interval for the monitoring wells. The specific 
conductance and chemical oxygen demand average in the surface water was less than the 90% 
confidence interval. Chemical oxygen demand and chloride averages in the monitoring wells were 
also lower than the 90% confidence interval. Ammonia nitrogen averages were greater than the 90% 
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confidence interval in both the surface water monitoring points and the monitoring wells. Iron 
averages in the monitoring wells and 1, 1-DCE averages in the surface water monitoring points were 
also greater than the noted 90% confidence intervals. The total organic halogen average in the 
monitoring wells was lower than the 90% confidence interval noted in SW-I 05. Monitoring wells 
MW-29 and MW-30 were the sampling points most affected by the VOC's. Therefore, their 
exclusion from this table caused the non-detect denotation for most of the sampling points. 
T bl 6 1 S I t d G a e . e ec e d t roun wa er an ur ace a er na1ys1s dSf WtAI.R an ~e 
Parameter SW-105 SW MW 
Average SW-105±90% CI Average Average 
pH (S.U.) 7.20 7.00-7.41 7.54 6.82 
Specific Conductance (umhos/cm) 912 734-1090 673 734 
Chemical Oxygen Demand (mg/L) 20.5 10.4-30.6 8.8 4.1 
Chloride (mg/L) 57 15-98 46 4 
Ammonia Nitrogen (mg/L) 0.20 0.13-0.26 0.28 1.08 
Iron (mg/L) 0.25 0.12-0.37 0.12 0.94 
Total Phenols (mg/L) 0.011 0.009-0.013 0.011 0.013 
Total Organic Halogens (mg/L) 0.020 0.008-0.031 0.009 0.007 
Benzene (µg/L) 0.35 0.23-0.47 ND ND 
1,2-Dichloroethane (µg/L) ND ND ND ND 
1,1-DCE (µg/L) 0.7 0.47-0.83 0.9 ND 
Cis-1,2-DCE (µg/L) ND ND 0.6 ND 
Trans-1,2-DCE (µg/L) 0.6 0.47-0.81 ND ND 
PCE (µg/L) ND 0.0 ND ND 
TCE (µg/L) ND ND ND ND 
Vinyl Chloride; (µg/L) ND ND ND ND 
ND denotes concentrations were Non-Detect. 
6.2 Statistical Analysis 
Figure 6 .1 (a.) showed the pH values measured in surface water monitoring point SW-I 05 
were significantly greater than those in monitoring wells MW-30 and MW-29. Specific conductance 
(Figure 6.l(b.)) was significantly greater in MW-30 than in SW-105. However, it was also 
significantly greater in SW-105 than it was in MW-29. Chemical oxygen demand in Figure 6.l(c.) 
was significantly lower in MW-29 than MW-30 and SW-105. 
Chloride levels in MW-30 (Figure 6.2(a.)) were significantly greater than those noted in SW-
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Figure 6.1 Average Monthly Parameter Trends with 90% Confidence Interval 
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Figure 6.2 Average Monthly Parameter Trends with 90% Confidence Interval 
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Figure 6.3 Average Monthly Parameter Trends with 90% Confidence Interval 
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Figure 6.4 Average Monthly Parameter Trends with 90% Confidence Interval 
(a.) 1,2-Dichloroethane; (b.) PCE; (c.) TCE. 
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Figure 6.5 Average Monthly Parameter Trends with 90% Confidence Interval 
(a.) Cis-1,2-DCE; (b.) Trans-1,2-DCE; (c.) 1,1-DCE. 
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than those in SW-105, which were in tum greater than those in MW-29. Iron levels noted in MW-30 
were significantly greater than levels measured in SW-105 and MW-29 (Figure 6.2(c.). 
Total phenols in Figure 6.3(a.) were similar in magnitude. Figure 6.3(b.) showed the total 
organic halogens levels for the three sampling points. A significant difference exists between the 
three sampling points with MW-29 higher than MW-30 higher than SW-105. Benzene in Figure 
6.3(c.) showed a similar trend with MW-30 greater than MW-29 greater than SW-105. 
MW-29 in Figure 6.4(a.) had significantly greater 1,2-DCE concentrations than MW-30 and 
SW-105. PCE in Figure 6.4(b.) followed the same trend. MW-29 was significantly greater in regard 
to TCE concentrations (Figure 6.4(c.)). However, MW-30 was also greater than SW-105. 
Cis-1,2-DCE levels in SW-I 05 were significantly lower in SW- I 05 than in the monitoring 
wells (Figure 6.5(a.)). The same trend occurred for trans-1,2-DCE in Figure 6.5(b.). However, no 
significant trend was noted for 1, 1-DCE in Figure 6.5(c.). Vinyl chloride in Figure 6.6 was 
significantly greater in MW-29 than MW-30 and in MW-30 above SW-105. 
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Figure 6.6 Average Monthly Vinyl Chloride Trends with 90% Confidence Interval 
6.3 Conclusion 
The interaction of the groundwater and surface water is not an easily quantifiable observance. 
The conclusion is drawn that monitoring wells MW-5, MW-17, and MW-34 did not show appreciable 
effects of the landfill on the groundwater. Therefore, the groundwater should not affect the surface 
water. The same conclusion has been drawn from the trends in the water quality of the surface 
waters. The effect of farming activities is seen more in the levels of nitrate and fecal coliform. 
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Several sampling events have shown concentrations in surface water monitoring site SW-105 that are 
greater than other surface water monitoring points. For this reason, the interaction between the 
possible contamination plume in the vicinity of monitoring wells MW-30 and MW-29 has been 
examined. SW-105 did not consistently show levels as high as those observed in MW-30 and MW-
29. However, occasional levels are noted that are equal or exceed the concentrations in these two 
wells. Some level of interaction is thus believed to occur between the ground and surface water in 
this area. 
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CHAPTER 7 CONCLUSION 
7 .1 Closing Statements 
Until better technologies or solutions are developed, landfills are necessary for the disposal of 
municipal solid waste. Despite current efforts to maximize the protection of the environment 
surrounding landfills, years of open dumping before implementation of statutory restrictions must be 
dealt with. Even use of state-of-the-art liner systems does not guarantee that new landfill cells or 
piping will not experience failure and endanger the environment. To this extent, it is imperative to 
perform continual ground and surface water monitoring to detect changes in environmental systems 
and to be able to react quickly to any adverse impacts. 
The effect of the Metro Park East Landfill on Camp Creek appears to be minimal. Surface 
water samples collected over a two-year time period in Camp Creek and two of Camp Creek's 
tributaries did not show an appreciable effect of the landfill on the water quality in the creek with no 
noticeable water quality trends. Levels of nitrate and fecal coliform measured were attributed to 
farming activities in the area. The occurrence of volatile organic compounds appeared in the waters 
upstream of Camp Creek before it passed by the landfill, which indicated the landfill was not a source 
of the VOC's. Several NRL's and MCL's were exceeded with the largest number coming from the 
presence of nitrate. The PCE and TCE exceedances occurred in SW-IO 1, which was upstream of 
Camp Creek before it enters the landfill property. 
Based on measured flowrates at surface water monitoring points SW-108 and SW-102, Camp 
Creek is at times a gaining stream and at times a losing stream. This is important in examining the 
surface water/ groundwater interaction. Mass balances performed based on measured concentrations 
and flowrates did not show a significant increase in mass along the segments of Camp Creek most 
directly affected by the landfill. Due to data limitations, mass balances were performed only on 
selected monitoring points for selected sampling events. 
The Iowa Department of Natural Resources methodology for determining statistical 
exceedances was used to analyze Camp Creek. Based on this method, several parameters over the 
two-year sampling period were classified as exceedances compared to the data for surface water 
monitoring point SW-107, the upstream sampling point. pH, chemical oxygen demand, total organic 
halogens, and tetrachloroethylene had the largest number of exceedances. These tended to occur 
most frequently in January through March. Examination of statistical exceedances for the intensive 
sampling periods in May and October again showed pH and total organic halogens with the largest 
number of exceedances. The exceedances tend to occur in May rather than October. 
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Seasonal fluctuation and occasional spikes were observed using Box & Whisker plots. 
However, there was no indication of an impact of the Metro Park East Landfill on Camp Creek. 
There appears to be groundwater contamination at the southern portion of the Metro Park 
East Landfill. Groundwater samples collected over a two-year time period from five monitoring 
wells did show groundwater contamination. Two of the groundwater monitoring wells, MW-5 and 
MW-17, located along the west portion of the landfill, did not show appreciable effect. Groundwater 
monitoring well MW-34, which was installed as an indicator well, has not shown any questionable 
results. However, monitoring wells MW-29 and MW-30 have a history of volatile organic 
compounds measured since their installation in 1996. 
During the extent of this project, monitoring wells MW-29 and MW-30 exceeded the USEP A 
HAL, USEP A NRL, and/or the US EPA MCL for seven of eight VOC' s in MW-30 and six of eight 
VOC's in MW-29. Upgradient wells were not measured for this project so the IDNR statistical 
exceedance method could not be used for the monitoring wells. The Box & Whisker plots showed in 
general significantly greater concentrations in monitoring wells MW-29 and MW-30. 
Tetrachloroethylene degradation has been observed in MW-30 and MW-29. Levels of PCE 
and TCE seem to be fairly constant in MW-30 while increasing in MW-29. Concentrations of cis-
1,2-DCE and trans-1,2-DCE in monitoring wells MW-29 and MW-30 are very similar. In April 
2000, levels in MW-29 of cis-1,2-DCE became greater in MW-29 than MW-30. Vinyl chloride is 
also present in greater concentrations in MW-29 than MW-30. As levels decrease in monitoring well 
MW-30, it is assumed that the source of contamination is no longer existent and with time the PCE 
will continue to degrade out ofMW-29 and MW-30. 
The interaction of the groundwater and surface water is not an easily quantifiable observance. 
The conclusion drawn from the two-year study is that monitoring wells MW-5, MW-17, and MW-34 
did not show appreciable effects of the landfill on the groundwater. Therefore, the groundwater in 
this area should not affect the surface water. The same conclusion has been drawn on the surface 
waters. The effect of farming activities is seen more in the higher levels of nitrate and fecal coliform. 
Several sampling events have shown that the concentrations in surface water monitoring site SW-105 
were greater than other surface water monitoring points. Interaction between the possible 
contamination plume in the vicinity of monitoring wells MW-30 and MW-29 were examined. SW-
105 did not consistently show levels as high as those observed in MW-30 and MW-29. However, 
occasional levels of benzene, PCE, and TCE were noted that were equal or exceeded the 
concentrations in these two wells. Some level of interaction is thus believed to occur between the 
ground and surface water in this area. 
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7 .2 Recommendations for Future Work 
From the results of this study, several recommendations may be made for future work: 
1. Continue to monitor the water quality in monitoring wells MW-29 and MW-30 and surface water 
monitoring point SW-105. 
2. Perform testing on the water in the tributary entering the southwest sedimentation pond (between 
the pond and SW-105) and leaving through the twin 24-inch culverts. 
3. Perform testing on the soil within the southwest sedimentation pond. 
4. Install additional groundwater monitoring wells downgradient of monitoring well MW-30 to 
determine the path of the plume of groundwater contamination. 
5. Develop a remediation plan to remove the volatile organic compounds from the groundwater in 
the vicinity of monitoring wells MW-30 and MW-29. This may require the installation of several 
piezometers to determine the extent of the plume of contamination. 
6. Perform testing in monitoring wells WM-30 and MW-29 for ethylene and ethane to determine if 
the degradation of the VOC's is proceeding to this point. 
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APPENDIX B SURFACE WATER FIELD AND LABORATORY SAMPLING RESULTS 
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Table B.1 Summ8liV of Surface Water Sam.n}ing Analvtical Results 
USEPA USEPA USEPA 
WclJ.No. Dato SW-107 SW-101 SW-108 sw-102 SW-109 SW-106 SW-103 SW0 105 SW-104 HAL NRL MCL 
Panawter :.:.:.:.::.:·:.:.:. CAMP CREEK TRlBUTARJES .:::::::::::.:::: ::::::•:•:::::::: .•.. , ... ~.-... 
pH(S.U.) l/2011999 6.36 6.68 6.38 6.SS NA 6.49 NA NA 6.72 NE NE NE 
2/11/1999 6.39 6.64 6.48 6.09 6.72 6.45 6.18 6.78 6.64 
3/lS/1999 6.81 6.72 6.Tl 6.08 6.63 6.63 6.11 6.34 S.98 
4/8/1999 7.28 8.03 7.28 7.12 7.63 7.23 7.40 6.53 6.75 
S/S/1999 7.21 6.94 7.46 6.98 7.04 6.S2 6.79 6.62 6.64 
S/1211999 NA 6 . .SO 6.63 6.47 NA NA NA NA NA 
S/2011999 NA 6.99 6.90 6.65 NA NA NA NA NA 
S/26'1999 NA 6.94 7.09 6.98 NA NA NA NA NA 
617/1999 7.91 7.84 738 1.'11> 1.04 6.91 7.90 6.67 6.96 
"7/6/1999 6.90 7.32 7.14 6.90 6.94 6.68 6.71 6.76 6.86 
7/26'1999 7.18 7.0S 1:JJ) 7.Sl 7.34 6.92 6.83 6.81 6.94 
8130'1999 7.20 8.52 8.98 7.00 6.73 7.24 7.38 7.49 8.30 
9trl/1999 8.21 8.11 8.07 8.07 8.05 7.SS 7.74 7.67 7.86 
10'1/1999 NA 8.41 8.47 8.36 NA NA NA NA NA 
10'7/1999 NA 8.14 8.11 8.22 NA NA NA NA NA 
lOIIS/199 NA 8.34 8.29 8.22 NA NA NA NA NA 
10126/199 8.20 8.23 8.21 8.11 8.20 7.S4 8.04 7.30 7.42 
lVlS/199 8.37 8.28 7.90 7.32 7.79 8.03 7.48 7.25 6.90 
12113/1~ 7.47 6.68 7.30 7.25 7.S2 7.16 7.16 6.93 7.04 
Ul7/'JDOO 7.60 8.00 4.27 6.9S NA 7.S9 8.40 7.31 7.96 
'211/2000 8.44 8.69 8.64 8.39 7.79 8.94 8.70 8.38 8.48 
. 3/6/2000 8.54 8.61 8.Sl 8.03 8.22 8.30 8.40 7.79 7.9S 
4/3/2000 a.so 8.43 8.40 8.32 8.37 8.20 8.42 7.89 7.73 
5/2/2000 8.43 6.SS 8.1S 7.93 8.10 7.76 8.11 1."'1 7.47 
S/8/2000 8.05 I.OS 8.03 7.94 8.09 NA 8.04 NA 7.58 
5/lS/2000 8.0S 8.11 8.02 8.03 7.90 NA 7.99 NA 7.17 
Sn:J12000 7.92 8.02 8.08 1.53 7.66 NA 7.89 NA 7.46 
S/31/2000 7.27 7.15 7.18 7.28 7.02 7.30 7.42 7.62 7.42 
6/26'2000 7.61 1.59 7.57 7.59 7.25 7.Sl 7.68 7.74 7.67 
7/25/2000 8.14 7.78 7.37 6.67 8.04 7.8S 8.04 6.S8 6.68 
SJ2212000 6.63 S.74 5.97 6.68 6.n 6.34 S.93 6.33 6.51 
9/19/2000 7.85 7.70 7.42 8.04 8.00 7.19 6.99 6.39 6.13 
9/26/'2JXIJ 7.76 7.25 8.14 7.90 6.87 NA 7.17 NA NA 
1012/2000 7.66 8.79 8.40 8.08 7.42 NA 7.85 NA NA 
10llllf2MI NA NA NA NA NA NA NA NA NA 
Analyzed by Jab 10ll712M 8.0 8.5 8.4 8.0 8.0 7.9 7.9 7.8 7.3 
11/14/200 8.59 8.S9 8.62 8.47 8.55 8.30 8.12 8.03 7.81 
12111nm 8.24 7.71 7.68 7.58 1.Tl 1.60 7.64 NA NA 
Specific Conclumnc:e (umhoslc 1/20l1999 718 707 724 748 NA 612 NA NA 582 NE NE NE 
2/11/1999 702 650 6S2 719 644 686 838 1455 874 
3/1Sl1999 680 680 698 742 667 674 667 NA 667 
4/811999 670 708 667 648 66S S78 641 981 600 
S/S/1999 7.SO 664 695 652 704 724 656 938 5S4 
S/1211999 NA 485 456 442 NA NA NA NA NA 
5/2011999 NA 644 634 613 NA NA NA NA NA 
S/26'1999 NA 621 638 6"1:1 NA NA NA NA NA 
617/1999 685 634 T)J) 662 698 662 642 391 49S 
716/1999 632 615 610 625 625 591 591 731 489 
7/26/1999 605 610 602 540 608 592 603 1059 689 
8/3011999 66S 636 628 502 620 606 620 737 443 
9/27/1999 603 563 553 619 S78 552 484 904 693 
1011/1999 NA 658 647 64S NA NA NA NA NA 
1017/1999 NA 661 637 638 NA NA NA NA NA 
lQ/15/1~ NA 651 648 626 NA NA NA NA NA 
10l26/199 663 63S 625 659 641 6"1:1 604 102· S16 
11/15/199 690 704 708 711 671 628 672 714 S66 
12113/199 814 820 820 827 792 619 668 790 691 
1/1112000 898 897 882 870 804 662 698 855 844 
'21112000 893 884 826 886 8S2 618 659 783 826 
3/6/2000 732 729 733 731 714 S74 598 907 737 
4/3/2000 698 699 687 672 678 571 S88 702 S9S 
51212000 649 667 662 669 6S7 S74 S77 S42 673 
5/8/2000 642 596 S9S 551 S94 NA S42 NA 515 
S/15/2000 660 660 6S4 651 650 NA 576 NA 686 
5/22f'2JXIJ 655 6SS 642 637 636 NA 580 NA 561 
5131/'2JXIJ 480 422 394 683 43S S22 S28 S41 426 
6/261'2JXIJ 608 S9S 602 618 601 515 642 1037 629 
7/2S/2000 628 684 623 675 632 6"1:1 739 623 748 
8/22/2000 704 667 671 651 727 667 725 674 600 
9/19/2000 67S 695 692 692 671 6Tl 702 3070 473. 
9/26"2JXIJ 786 796 762 771 761 NA 724 NA 724 
1Ql2f2000 568 510 603 610 630 NA 105 NA NA 
lQ/10/2001 800 830 803 814 774 NA 748 NA NA 
10117f2MI 905 8S9 841 376 as,· 671 737 829 477 
11/14/2001 912 912 888 888 870 671 788 1022 932· 
12111/2001 NA 1088 1061 1059 822 706 617 NA NA 
177 
Table B.1 Summary of Surface Water Sampline: .Analvtical Results ( continued) 
USEPA USEPA USEPA 
WcD.No. Date SW0 lrfl SW-101 SW-108 SW-102 SW-109 SW0 l06 SW-103 SW-10S SW-104 HAL NRL MCL 
Pai:mu1llr ·-:-:.:::::.:,:•:•:•:•:•: CAMPCREBK TRJBtJTARlES :::::::::,:,:-:-:· .::::,.: .... .:::: ::::::::::::::::: 
Chmnical O~Demaad (,uJ l/20'1999 6.4 6.1 11 8.S NA <S.O NA NA <5.0 NE NE NE 
7/IV1999 <S.O 6.S 6.9 17 9.3 <5.0 30 1:1 29 
3/lS/1999 9.6 9.1 12 13 S.9 11 41 S3 27 
4/8/1999 <S.O <5.0 <5.0 <S.O <S.O <S.O <S.0 <S.O <S.O 
S/S/1999 <S.O <S.O <S.O <S.O <S.O <S.O <S.0 <S.O <S.0 
S/12/1999 NA 67 91 72 NA NA NA NA NA 
S/20'1999 NA <S.O <S.O <S.O NA NA NA NA NA 
S/2611999 NA <5.0 <S.O <S.O NA NA NA NA NA 
617/1999 <S.O <S.O <S.O <S.O <S.O <S.0 <S.O <5.0 <5.0 
7/6/1999 <S.O s.s <S.O <S.O <S.O <S.O <S.O <S.O <S.O 
7126'1999 <S.l> <S.O <S.O 11 <S.O <S.O 18 <S.0 8.8 
8/30'1999 <S.O <S.O <S.O <S.O <S.O <S.O <S.O 10 <S.O 
9rr111999 1S 1.1 12 12 12 9.1 31 24 11 
10'1/1999 NA 6.0 <S.O 7.6 NA NA NA NA NA 
lQ/7/1999 NA 6.3 <S.O <S.O NA NA NA NA NA 
10'15/199 NA 9.4 7.S S.9 NA NA NA NA NA 
10'26'199 6.4 <S.O <S.O <S.O S.5 <S.O <5.0 <S.O <S.0 
lVlS/199 <S.O 6.8 <S.O <S.O <S.O <S.O <S.O 8.0 <S.O 
12/131199 <S.O 8.1 S.1 8.6 8.1 <S.O <S.O 11 17 
1/17/2000 <S.O S.6 <5.0 <S.O <S.O <S.O <S.O <S.0 18 
117/2000 7.8 6.8 <S.O 1.3 7.S <S.O 9.4 7.8 14 
3/612000 7.4 10 6.8 7.8 7.7 S.8 S.6 36 36 
41312000 <5.0 8.7 S.3 6.7 6.4 <S.O S.1 12 16 
Sl2/2000 8.0 7.0 <S.O 12 8.1 <S.O <S.0 17 22 
S/8/2000 <S.O 18 17 20 12 NA 26 NA 19 
S/1512000 <S.O <S.O 6.2 <5;0 <S.O NA <S.0 NA 17 
S/22J'1JXJO S.1 8.3 <S.O S.5 7.4 NA <S.0 NA 16 
S/31/2000 12 11 18 23 14 10 Sl 63 34 
6/26'2000 s.s <S.O <S.O 2S S.2 <5.0 1S 140 S6 
1125111)00 7.1 <S.O <S.O <S.O S.7 <S.O 7.7 7.8 10 
812212000 <S.O <S.O <S.O 9.6 <S.O <S.O 6.1 16 19 
9/19t'2000 9.9 10 10 8.7 7.9 9.3 6.S <S.0 14 
9126'2000 11 10 9.0 11 11 NA <S.0 NA 28 
10'2/2000 14 11 12 10 7.6 NA S.8 NA NA 
10'10/200 11 13 10 11 10 NA <5.0 NA NA 
10'171200 11 17 12 12 12 5.7 <S.O 14 20 
11/141200 14 12 9.S 9.8 <S.O <S.O S.6 26 42 
12/11/200 13 <S.O <5.0 <S.O <S.O <S.O <5.0 NA NA 
Chlaride (mg/L) 1120'1999 34 38 34 44 NA 2S NA NA 11 NE NE NE 
7/11/1999 1:1 2S 2S 30 29 21 47 32 33 
J/lS/1999 38 41 40 40 40 S3 S3 7S 33 
4/8/1999 28 36 2S 21 24 17 32 1.1 9.3 
S/S/1999 Sl 20 20 19 20 1S 19 17 8.7 
S/12/1999 NA 18 16 21 NA NA NA NA NA 
S/20'1999 NA 20 19 17 NA NA NA NA NA 
S/26'1999 NA 20 19 12 NA NA NA NA NA 
6/7/1999 18 18 18 11 · 18 14 1S <S.O 1.3 
716/1999 18 18 18 18 22 14 6.7 <S.O 7.9 
7f2611999 18 18 19 20 19 17 23 8.8 13 
8130'1999 23 21 21 22 20 1S 18 16 1.S 
9127/1999 28 22 24 26 24 17 2S 41 31 
10'1/1999 NA 30 29 28 NA NA NA NA NA 
10'711999 NA 34 1:1 n NA NA NA NA NA 
lO'lS/199! NA 28 2S 20 NA NA NA NA NA 
10'26'199' 32 32 32 30 29 18 22 9.S 10 
llllS/199! 37 36 37 3S 3S 19 22 10 13 
12/13/199! 4S 4S 43 41 42 18 21 14 20 
1117/2000 51 S4 Sl SI 46 20 23 27 42 
117/2000 608 603 S64 S69 S4.9 20S 309 197 378 
3/6/2000 4S 46 44 44 44 19 22 40 82 
4/3/2000 4S.8 44.7 41.7 41.7 40.3 16.3 19.9 16.8 31.9 
Sl2l2000 33.S 32.7 31.6 34.8 32.2 1S.6 17.3 11.s 40.9 
S/8/2000 36.S 29.6 29.7 27.S 28.9 NA 18.8 NA 24.7 
S/15/2000 30.7 30.9 30.3 29.9 29.8 NA 18.1 NA 46.7 
S/22/2000 31.4 32 30.8 31.2 30.2 NA 17.7 NA 32.S 
S/31/2000 19.8 17.l 16.8 20.0 18.7 1S.3 26.9 46.6 32.6 
6126/'}J)OO 22.2 20.8 22.S 28.0 22.7 21.9 28.8 73.2 38.6 
712512000 21.1 21.4 20.S 17.9 20 14.4 17.2 6.7 10.4 
8/22/2000 29.4 29.7 28.8 28.2 28.6 18.0 28.4 122 26.1 
9/1912000 46 47 44 44 41 27 34 610 7.1 
9126/2000 69 67 64 63 62 NA 37 NA 6S 
10/2/2000 41.0 43.4 41.9 423 39.9 NA 32.7 NA NA 
10'10/200( 6S.6 66.0 61.2 60.4 S9.2 NA 33.2 NA NA 
1G'l7/200( 92 91 8S 84 78 28 40 31 10 
11/14/2001 87.9 96.2 78.7 7S.8 7S.l 1:1.0 43.0 48.l 87 
17/ll/200i 374 120 110 103 us 2S.8 29.1 NA NA 
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Table B.1 Summarv of Surface Water Samn~ Analvtical Results (continued) 
WdlNo. 
Pamneter 
Ammaua N"mvgcn (m&IL) 
Nitlllto(m&JL) 
Pmtholdtime 
Dm S<N-1<:n SW-101 SW-108 SW-102 
USEP A USE.PA USEPA 
SW-109 S<R-106 SW-103 SW-lOS SW-104 HAL NRL MCL 
::::::::::::: CAMPCREEK. TRIBUfARJES :.:.:.:.:.:.:.:.:. :.:.:.:.:.:.:.:.: .:.:.:.:.:.:.:.:.: 
1/20'1999 1.0 1.1 0.93 0.86 NA <0.20 NA NA <0.20 30 NE 
2/11/1999 0.49 0.47 0.4S 0.46 0.44 <0.20 0.48 0.32 0.12 
3/lS/1999 0.40 o:r, 0.24 0.27 0.24 <0.20 1.2 0.S2 0.37 
4/8/1999 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 
S/5/1999 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 
S/12/1999 NA 0.21 0.26 0.29 NA NA NA NA NA 
S/2()'1999 NA <0.20 <0.20 <0.20 NA NA NA NA NA 
S/26'1999 NA <0.20 <0.20 <0.20 NA NA NA NA NA 
617/1999 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 
7/6/1999 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 
7/2(11999 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 
l/3Cl1999 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 
9/27/1999 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 0.21 o.so <0.20 
10'1/1999 NA <0.20 <0.20 <0.20 NA NA NA NA NA 
1(1(7/1999 NA <0.20 <0.20 <0.20 NA NA NA NA NA 
lO'lS/199' NA <0.20 <0.20 <0.20 NA NA NA NA NA 
10'26/199' <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 
11/lS/199' <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 
12/131199' <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 
1/1112000 1.7 1.6 1.S 1.4 1.2 <0.20 <0.20 <0.20 <0.20 
'117/2000 2..71 2..S6 2..26 2.23 2..0S <0.20 <0.20 <0.20 0.74 
3/612000 0.87 0.83 0.79 0.7S 0.69 <0.20 <0.20 <0.20 <0.20 
41312000 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 
S/2/2000 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 
S/812000 0.30 0.33 0.33 0.3S 0.28 NA 0.24 NA 0.25 
S/1Sl2000 0.23 <0.20 <0.20 <0.20 0.20 NA 0.21 NA 0.28 
Sl2')J2000 <0.20 <0.20 <0.20 <0.20 <0.20 NA <0.20 NA <0.20 
S/31/2000 0.32 0.33 0.32 0.28 0.31 0.23 0.22 0.42 o:r, 
6126'2000 0.22 0.23 0.2S O.S2 0.32 0.20 0.21 0.87 1.00 
7~ ·<0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 
8122/2000 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 
9/1W2000 <0.20 <0.20 <0.20. <0.20 <0.20 <0.20 <0.20 0.30 0.24 
9/26'2000 <0.20 <0.20 <0.20 <0.20 <0.20 NA <0.20 NA <0.20 
10'1/2000 <0.20 <0.20 <0.20 <0.20 <0.20 NA <0.20 NA NA 
10'10/200I <0.20 <0.20 <0.20 <0.20 <0.20 NA <0.20 NA NA 
10'17nnn. <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 
11/14/lM <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 
12/11/200 2..90 1.95 1.74 l.SS 1.73 <0.20 <0.20 NA NA 
1/20/'lm . ." ···· .. ":'. ·:· . ":' ._. .. :{:' ·: .... ·w; ···: . • ::°:'." ..... . ··.::· ·:· • .-:·: ... ·• ·:·:::·:": ... ·:".·:·: ........ ·:··· ..... ":' ...... : ·:::::. :·:. ·::·. '.'.':':' NE NE 
2/11/1999 :::::::::::::::::::::::: ::: .::::::::::::::::::: ::::::::::::::::::::::::: :::::.:fa.:::::::::: :::::::::::::::::::::::: :::::::::::::::::::::::: ::::::::::::::::::::::::: :::::::::::::::;::::::::· :::::::::::::::::::::::: 
3/J.511."9 • • : ••• :•.•.•.•.•••.•• :::::::.:~•.•.•.•.••=•• ••••.•.•••.•••:•:•?.::::. , •, • • • • •, • •• • • •, h " .. • .:. • • • • .. •, • .. • • • • : .. o, o o •,• , • .'o do• .... • • .. :. "• , • • • • 
418/1999 :::::::::::::::::::::::: :::::::::::::::::::::::: :::::::::::::::::::::::: ::.::::::::::::::::::::?. ::::~:::::::::::::::::: :::::::::::::::::::::::: :::::::::::::::::::::::: ::::::::::?.:::::::::.::. :::::::::::::::::::::::: 
5/511999 ::::::.:::::.::::::::::: :::::::=:::.::::~::::: .::::::::::::::.:.~::::: ::::::::fa:::::::::- :::::::::::::::::::::.. ::::::~:::::::::::::::: ·::::::::::::::::::::::~ ::::::::::::::::::::::::. :::::::::::::::::::::::: 
5/12/1999 ::::.:::::::.::::::::::: :::::::::.:::::.:::::::: :.~:.:::::::~:::::::::: ::::::::::::::::::::::::· :::::::::: ,::::::::::: :::::::::::::::::::::::: :::::::::::::::::::::::: ::::::::::::::::::::::::: ::::::::::~:::::::::::: 
Sfln,11999 :::::::::::::::::::::::: :::::::::::::::::::::::: :::::::~::::::::::::::: :.::::::::::::?.:::.~:. :::::::::::::::::::::::: :::::::::::::::::::::.~ ~.::::::::::::::::::::: ::::::::::::::::::::::::: :::::::::::::::::::::::: 
Sf.2UJ.m :::::::::::::::::::::::: :::::::::::::::::::::::: :::::::::::::::::::::::: :::::::::::::::::::::::: :::::::::::::::::::::::: :.:::::::::::::::::::::: ·.:::::p :::::::::::: :::::::::::::::::::::::: ::::::::::::::::::::::  
611/Jm :::::::::::::::::::::::: ::::::::::::::::~:~:.: ~.:::::.:::::::::.:::.:: ::::::::::::::::::::::::. =::::::::::::::::::::::: :::::::::::::::::::.:::: :::::::::::::::::::.::::: .:::::::::~::::::::::::: :::::::::::.::::::?.:::: 
7/6/l!W) :::::.~:.::::::::::•::: .::~:::.:::~-.:.::: .:::::::.:::::::::::::::: ::::::::::::::::::::::::: ::::::::::::::::::::,:: :::::::::::::::::::::::: :::::::::::::::::::::::: ::::::::::::::::::::::::- :::::::::::::::::::::::: 
71'26/Jm ::::::::::_.:::::::::::: :::::::::::::::::::::::: :::::::_::::::::::::::::: ::::::::::::::::::::::::· :::::::::::::::::::::::: :::::::::::::::::::::::: :::::::::::::::::::::::: :.:::~:::::::::::::::::• :::::::::::::::::::::::: 
8/30/Jm ::::::::::::::::::::::.: ::::::::::::::::::::::~ .:::::::::::::::::::::::: :::::::::::::::::::::::: :::::::::::::::::::::::: :::::::::::::::::::::::: :::::::::::::::::::::::: :.:::::::::::::::::::::.: :::::::::::::::::::::::: 
9127f1999 4.0 4.1 4.1 3.6 3.S 6.6 3.8 2.4 1.9 
10'V1999 NA S.3 S.7 s.s NA NA NA NA NA 
U:\1711999 NA S.3 s.s S.3 NA NA NA NA NA 
lO'lS/199' NA 3.3 3.6 2..3 NA NA NA NA NA 
10f261199 3.S 3.4 3.S 3.8 3.3 6.8 6.4 <1.0 <1.0 
11/lS/199 2..8 2..7 2..9 2.8 2..7 S.9 S.3 <1 .0 <1.0 
12/13/199' S.6 S.9 S.9 S.8 s.s 7.4 6.7 <1.0 <1.0 
1/17/2000 6.3 6.7 S.9 6.1 S.6 8.7 8.2 <1.0 <1.0 
'11712000 4.3 4.2 4.4 4 .4 4.3 6.2 S.2 <1.0 <1.0 
3/612000 s.s S.8 S.4 S.8 S.3 6.4 6.S <1.0 1.8 
41312000 4 .77 4.81 4.44 4.25 <1.0 6.27 S.77 <1.0 <1.0 
S/2/2000 6.6 6.6 6.7 3.7 6.4 8.9 8.6 <1.0 <1.0 
Sl8/2000 s.o S.7 s.s s.o S.4 NA 7.0 NA <1.0 
S/1Sl2000 10 9.9 9.8 9.8 9.S NA 10.6 NA <l.O 
S/2212000 8.4 8.3 8.3 6.3 8.0 NA 9.6 NA 2.0 
S/31/2000 12 10 8.9 6.S 9.8 16 11 <1.0 1.7 
6l2fl2000 12 12 12 9.0 11 ts 13 2.8 4.0 
7/25/2000 9.8 10 9.7 8.1 9.2 10 9.9 2..S 3.7 
8/22/2000 6.9 7.1 6.6 6.0 6.3 7.9 7.0 <1.0 <1.0 
9/19t'2000 2.9 2..3 2.1 1.8 1.S 3.8 2.3 <1.0 <1.0 
9f26/2000 3.6 3.6 3.2 3.0 2.8 NA 4.0 NA <1.0 
10'2/2000 2.S 2..2 1.7 1.4 1.2 NA 2..S NA NA 
10'1Cl200C 3.6 3.4 3.3 3.3 2..8 NA S.7 NA NA 
10'17/200C 1.1 1.()4 <1.0 <1.0 <1.0 3.2 1.6 <1.0 <1.0 
11/1.4/?lVV 4.3 4.4 4.0 4.3 3.6 6.1 S.l <1.0 <1.0 




Table B.1 Sum.mm~ of Surface Water Sam1>lin2 .Analytical Results ( continued) 
WellNo. 
Focal Califmm (c/lOOmL) . 
hon(~L) 
USEPA USEPA USEPA 
DIiie SW-107 SW-101 SW-UIS SW-102 SW-109 SW-106 SW-103 SW-105 SW-104 HAL NRL MCL 
lflO(l.999 :;:::::::;~:::::::::::: ::::::::::::;::::::::::: ·::::::::::~:::::::::::: ::::::·, :;:;:::;:::::: :::::::::::::::·:::::::· ::::::·:::::·:·:·:::::~ ::·:·::::::::::::::;::·:: :::·:::·:·:·:::·:·:::·::: ::::::·:~::::·:::::::·: NE NE NE 
Z/lVl.999 ::::·::::;:::: ..::·:·: ;::·:::::·:·::;:;:;:;::: ·:;:;:;::::::::::::·:::: :;:;:;:;:;:;::::::·::::: :::::::::::::::::::::::: :;:;:::::;:;::·:::·::;:: .;::·::::;:::;::::·:::::· ;:;:::::::;:;::·:::::::: :;:;:::::::::::::::::::: 
311511.999 :'°:~ .. ·t:c .............. r··::;{·::"··. ··.···.·······=··=·····=:::":::r ········:.":' .... :".:"."::":··· = ....... _.:::···· ........ .... . 
4/811999 ::=:::=======:=:======== ·=H:::==m====== ::::==============:===:= =:::=:=======:::::::::::. ;:=====::=======:=======· =:===:::::::=:=========· .::::::=======::========= ==::=====:==·===========· ===·=====:=:::=:::::·:=: 
5/511999 :·~:·:·:·::::;:;::·:·:· ·:·:·:·:::·::;:;:;:;::: :·:::::·:·:·:·:::::·:·:: :::·:·::::::;:;:;:;:;:::: :;:;::·:::·::;:;:;:;:;:; :·:·::::;::·:::::·:·::;: .·:·:·:::::·:·:·:·:·:·::: ~::·:::::·:::::::::·::: :::·:·:::·:·:·::;:;:;:;: 
5/12/1.999 ;:;:;:;:;:;::::·::;:;::· ::::::::::·:::·:·:·:·:·: :·:·:·:::::::::·:·::::: ;::·:::·:::::·:·:·:·:·::: :;:;:;:;:;:;:;:;:;:;:;:: :·::;::::·::::::::::;:;: ::::::::::;:;:;:;:;:;:::: :;:;:;:;:::::::::::;:;:;: ;:;:;:;::·:·:::·:::::·:: 
Sl20/1.999 •:•:•:•:•:···:····:···: ····:•:•:•:····:·· .... ··.··············:·:···· . .·.·-:-:·:·····:-:···:· ;. ······:-:·······:· -:-:-:--:·············· •:····-;.-.;.·.··:•:····· ·.;.:.-....... •····•·••· •····· .•.·••· ···=···· 
S/'U/1.999 ~::::::::::::=::::::::: :;:;:;:::::;:::::::::::: :::::::::::::;:;:;:::::;: ::::;:::::::::::::::::::: :;:::::::::::::::::::::: :::::::=::::::::::;~::: ::;:::;:;:;:;:::;:;:::;:: :;:;::::::::::::::=::::: :::::::::·::;::::::::::: 
6/7/1')99 ::·:: ·:::::·:::·:::·::: :·:::::~·:·:·:::·:::::· ·:·::::;:;:;:;::·:::::: :;:;::·:::::::::::·:::·:: :·:::·::::::::·:·:::::: :,::::::·::;:;::::::::·: .;:;::::::::·:·:·:·:::·:: :::·:·:·:·:·:::::::·:::·: :;:::::::::::;:;::·:·:·: 
7/6/1.999 ·:·:·:·:·:·:·:·:·:·:::. :·:·:·:::·:::·:·::::;: :::::::·:~·:·::::::·::: :::;::::·:·:·:·:·:·:·:::. :·:·:·:·:::·:::·:::·:::: :;:;:;:::;::·:::·:·::::: :·:·:::·:::::·:·::;·:·:: ;:;:;:;::·:·:·:·:·:·:::·: ·:·:·:·:·:·:·:::·:·:·:·: 
7fJUJ..999 :::::~;:::;:::::::::::: ~:::::=::::::;:;:;:::;: ·:~::::::::~;:::::::::: :::::::::::::::;:;:;:::;: :::::·~~::::::::;:;::: :;:::::~;:::::::::::::: ·:::::::·:::::::::::::::: :·:·:::·::::;:;:;:;:;:::: :;:;:;:;:::::;:::::::::: 
8/30/1999 :;:;:::::::::;:;:;:;:·:: ;:;:;:;:;:;~:::::::::;: }:;:;:;:::~;:::;:;:;:; ;::;:;:;::::~::::~:::;" ::;:;:::::;:;:::·:::::;: :;:;:;:;:;:;:;:;:::::::: ::;:;:;:::;:;:;:;:;:;:;: ::;:::;:;:;:}:;:::::::: :;:;:;:;:::=:::::::::::: 
9127/1999 12.000 10.000 29000 22.000 28.000 1.400 . 170 000 21.500 34,000 
10'1/1999 NA 1000 100 300 NA NA NA NA NA 
10'7/1999 NA NA NA NA NA NA NA NA NA 
10'15/199' NA NA NA NA NA NA NA NA NA 
10'26/199' 250 310 120 240 120 30 10 so 20 
11/15/199 140 1030 960 970 460 <10 1700 370 2S 
12/13/199 90 100 210 140 110 390 200 300 1020 
1/17/2000 30 20 40 60 30 <10 <10 6S <10 
217/2000 10 10 10 100 60 30 10 <10 <10 
3/61'}.000 10 <10 210 90 · 140 <10 <10 10 30 
4/3/2000 10 30 40 141) . 30 10 <10 450 so 
snn.rn, 170 70 160 120 60 20 10 40 10 
5/8/2f1XJ 7600 7300 120000 640000 7.650 NA 30.000 NA 90 
Sl15l2000 220 450 270 250 180 NA 90 NA <10 
SfJ.2J'JJJOO 350 400 S10 380 380 NA 160 NA 130 
S/31/2000 36.000 34.000 150000 360000 60000 1060 600000 110 000 250 000 
6/26/2000 6.000 11.000 11.100 S600 S.500 200 1000 6..350 4500 
1/2512000 1.190 1000 1.290 1150 1.260 265 S40 1400 41S 
ll/22/2000 1,040 1310 1.320 1310 1.000 220 390 3.300 2090 
9/19'2000 910 2.280 1.800 1 S20 580 340 680 86.000 2.000 
9n_(,/200() 250 1150 640 1360 420 NA 1580 NA 1000 
1()121'JJ)OO 180 710 370 S15 540 NA S10 NA NA 
10'10f200 290 2780 700 700 440 NA 710 NA NA 
10'17/2004 1.700 13000 340 230 215 80 sso S10 110 
11/14/2001 590 1000 1115 940 360 10 610 180 280 
12/11/2004 so 120 120 40 90 <10 100 NA NA 
l/20'1999 <0.10 <0.10 <0.10 <0.10 NA 0.10 NA NA <0.10 
2/11/1999 <0.10 <0.10 <0.10 <0.10 <0.10 0.18 <0.10 1.4 <0.10 
3/lS/1999 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 0.20 0.66 0.10 
4/8/1999 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 
5/S/1999 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 
S/12/1999 NA <0.10 <0.10 <0.10 NA NA NA NA NA 
5120'1999 NA <0.10 <0.10 <0.10 NA NA NA NA NA 
S/26'1999 NA <0.10 <0.10 <0.10 NA NA NA NA NA 
617/1999 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 
7/6/1999 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 
7n.6/1999 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 0.22 <0.10 0.13 
8/30'1999 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 
9127/19')9 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 0.40 <0.10 <0.10 
1~1/1999 NA <0.10 <0.10 <0.10 NA NA NA NA NA 
1()'7/1999 NA <0.10 <0.10 <0.10 NA NA NA NA NA 
10'1511~ NA <0.10 <0.10 0.10 NA NA NA NA NA 
lcr26'199' <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 
11/151199' <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 
12/13/199' <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 0.24 
1/17/2000 <0.10 <0.10 <0.10 <0.10 <0.10 0.38 0.11 O.S3 0.41 
211n.ooo <0.10 <0.10 0.23 <0.10 <0.10 0.25 <0.10 <0.10 12 
3/6/'2000 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 0.1S <0.10 
4/3/2000 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 
Sf2/2000 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 
SfS/2000 <0.10 <0.10 <0.10 <0.10 <0.10 NA <0.10 NA <0.10 
5115120()() <0.10 <0.10 <0.10 <0.10 <0.10 NA <0.10 NA <0.10 
5/21J2000 <0.10 <0.10 <0.10 <0.10 <0.10 NA <0.10 NA <0.10 
S/31/2000 <0.10 <0.10 0.13 0.16 <0.10 <0.10 <0.10 0.14 · <0.10 
6/2611JJOO <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 0.58 0.15 
7/25/2000 <0.10 <0.10 0.26 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 
8/22/2000 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 0.14 <0.10 <0.10 
9/19'2000 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 0.63 3.6 
9n6/2000 <0.10 <0.10 <0.10 <0.10 <0.10 NA <0.10 NA 0.27 
10'2/2000 <0.10 <0.10 <0.10 <0.10 <0.10 NA <0.10 NA NA 
10'10/200 <0.10 <0.10 <0.10 <0.10 <0.10 NA <0.10 NA NA 
10'171200 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 
11/14/200! <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 1.0 o:rr 
12/11/200( <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 NA NA 
NE NE NE 
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Table B.1 Summarv of Surface Water Samplin2 Analytical Results (continued) 
USEPA USEPA USEPA 
WdlNo. DIiie SW-UTI SW-101 SW-108 sw-102 SW-109 SW-106 SW-103 SW-105 SW-104 BAL NRL MCL 
Pmmute:r ·····::············:·: CAMPCREEK TRJBUT ARIES :::::::::::::::::: ::•:•:::::::::·=· :,:,:,:,:::•:•::: 
Total Phmols (mg/I.) 1/20/1999 <0.020 <0.020 <0.020 <0.020 NA <0.020 NA NA <0.020 .. NE NE 
2/1V1999 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
3/1511999 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
418/1999 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
S/511999 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
5/12/1999 NA <0.020 <0.020 <0.020 NA NA NA NA NA 
512()(1999 NA <0.020 <0.020 <0.020 NA NA NA NA NA 
sn.t,/1999 NA <0.020 <0.020 <0.020 NA NA NA NA NA 
6/7/1999 <0.020 0.022 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
7/6/1999 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
7/26/1999 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
8/30l1999 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
9127/1999 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
10'V1999 NA <0.020 <0.020 <0.020 NA NA NA NA NA 
10'7/1999 NA <0.020 <0.020 <0.020 NA NA NA NA NA 
10'1S/1~ NA <0.020 <0.020 <0.020 NA NA NA NA NA 
10'26/1~ <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 
11/lS/199' <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
12/131199' <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
1/17/2000 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
2/7/2000 <0.020 0.036 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
3/6/2000 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 0.040 <0.020 
4/3/2000 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
snt2000 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
S/8/2000 <0.020 0.146 <0.020 <0.020 <0.020 NA <0.020 NA <0.020 
S/15/2000 <0.020 <0.020 <0.020 <0.020 <0.020 NA <0.020 NA <0.020 
sn:JnJJOO <0.020 <0.020 <0.020 <0.020 <0.020 NA <O.O'lO NA <0.0'l0 
5/31/2000 <0.020 <0.020 <O.O'lO <0.0'l0 <0.020 <0.020 <O.O'lO <0.020 <0.020 
6/26'2000 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
712511lJOO <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <O.O'lO <0.020 <0.0'lO 
8/'rJJ2tJOO <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
9/1!1t'2000 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
9126'2000 <0.020 <0.020 <0.020 <0.020 <0.020 NA <0.020 NA <0.020 
10'2/'11.)00 <0.020 <0.020 <0.020 <0.020 <0.020 NA <0.0'lO NA NA 
lG' llll'2MI <0.020 <0.020 <0.020 <0.020 <0.020 NA <0.020 NA NA 
1G'l7/200I <0.020 <O.O'lO <0.0'lO <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
1V1Al200i <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
12/1 ll'2MI <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 NA NA 
Total Orpnic Halogens (m,IL) 1/20'1999 <0.010 <0.010 <0.010 <0.010 NA <0.010 NA NA <0.010 NE NE NE 
2/1V1999 <0.010 <0.010 0.013 0.013 0.014 <0.010 0.026 0.025 0.016 
3/1511999 0.0140 <0.010 <0.100 0.016 <0.010 <0.010 0.021 0:023 0.022 
4/8/1999 0.011 <0.010 <0.010 <0.010 0.012 <0.010 <0.010 <0.010 <0.010 
5/511999 <0.010 <0.010 <0.010 <0.010 0.012 <0.010 <0.010 <0.010 0.012 
5/1211999 NA 0.015 0.012 0.021 NA NA NA NA NA 
5/2CY1999 NA <0.010 <0.010 <0.010 NA NA NA NA NA 
S/26'1999 NA <0.010 <0.010 <0.010 NA NA NA NA NA 
6/7/1999 <0.010 <0.010 <0.010 <0.010 <0.010 0.012 <0.010 <0.010 <0.010 
7/6/1999 <0.010 <0.010 <0.010 0.015 <0.010 <0.010 <0.010 <0.010 <0.010 
7/Ul1999 <0.010 <0.010 0.019 0.012 <0.010 <0.010 0.012 <0.010 <0.010 
8/30ll999 0.010 <0.010 <0.010 0.011 <0.010 <0.010 0.014 O.OlS 0.015 
911:1/1999 <0.010 0.011 <0.010 <0.010 <0.010 0.010 0.014 0.014 0.011 
10'V1999 NA <0.010 0.011 <0.010 NA NA NA NA NA 
10'7/1999 NA <0.010 <0.010 <0.010 NA NA NA NA NA 
lO'lS/199 NA <0.010 <0.010 <0.010 NA NA NA NA NA 
10'26/199 <0.010 0.011 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 
lVlS/199 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 
12/13/1~ 0.010 <0.010 0.011 0.011 0.020 0.011 <0.010 O.OlS 0.011 
1/1112000 0.013 O.OlS 0.013 0.030 0.019 <0.010 <0.010 <0.010 0.027 
2/7/2000 0.017 0.017 0.012 0.013 O.OlS <0.010 <0.010 0.012 0.024 
3/6/2000 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.02.S 0.016 
413/lOOO <0.010 0.010 <0.010 <0.010 0.014 <0.010 <0.010 <0.010 0.013 
S121'1JX)O <0.010 <0.010 0.011 0.022 <0.010 <0.010 <0.010 <0.010 0.018 
S/8/2000 <0.010 <0.010 0.016 <0.010 O.OlS NA O.OlS NA <0.010 
5/15n!JOO <0.010 <0.010 <0.010 <0.010 <0.010 NA <0.010 NA 0.015 
S/22/1000 <0.010 <0.010 <0.010 <0.010 <0.010 NA <0.010 NA 0.012 
S/31/2000 <0.010 0.013 0.014 0.017 0.013 <0.010 0.019 0.036 0.02.S 
6126'2000 <0.010 <0.010 <0.010 0.017 0.010 <0.010 0.020 0.042 0.024 
71251"Jt)OO <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 
sn:Jr]J)00 <0.010 <0.010 0.011 <0.010 <0.010 <0.010 <0.010 0.013 0.036 
9/1!1t'2000 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.172 <0.010 
9/Ul2DOO 0.012 <0.010 0.019 <0.010 <0.010 NA 0.013 NA 0.020 
10/2/2000 <0.010 <0.010 <0.010 <0.010 <0.010 NA <0.010 NA NA 
10'10/2001 0.010 0.010 0.010 0.010 0.010 NA 0.010 NA NA 
10'17/2004 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 
1V14/200I 0.012 <0.010 <0.010 <0.010 O.OlS <0.010 0.012 0.016 0.037 
12/11/2004 0.031 0.017 <0.010 0.019 0.012 <0.010 <0.010 NA NA 
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Table B.1 Summai~ of Surface Water Samplin2 Analytical Results (continued) 
WcD.No. 
USEPA USEPA USEPA 
Dale SW-l(fl SW-101 SW-108 SW-102 SW-109 SW-106 SW-103 SW-105 SW-104 HAL NIU. MCL 
:•:·:=:·:·:·:·:·:·:·:-::: CAMP CRliEK TRIBUTARIES ·:::.:::.::;:::::: ·:.:.:.:::::.:·: •• :.:.:.:.:::::::: 
1/20/1999 ..• ;.;.;._.;.;.; ... ; .•.• 
2/11/1999 ::::::::::::;:;::::::::: 
SIS/1999 ........ : •• :: 












12/131199 <O • .S 
1/17/2000 <O.S 
'Zn/2000 <0.5 
3/6/2000 <O • .S 










9/2(,l'}J)«J <O . .S 
10'2/2000 <O . .S 
10'10/200 <O.S 
lOl17/200 <O.S 




418/1999 ;.;::::::::: ••• :.;.:.:.: 
Sll211999 :;;;:;:::;:;:;:::.:::.:: 
































<0.5 <0.5 <0.5 
<O.S <0 • .S <0.5 
<O.S <0.5 <O.S 
<O.S <0 . .S <0.5 
<O.S NA <0.5 
<O.S <O.S <0.5 
<0.5 <0.5 <0.5 
<O.S <O.S <0.5 
<O.S <0.5 <O.S 
· <0.S <0.5 <0.5 
<O.S <0.S <0.5 
<O.S <0.S <O.S 
<O.S <0.S <0.5 
<O.S <O.S <O . .S 
<0.S <O.S <O • .S 
<O.S <0.5 <0.5 
<O.S <0 . .S <0.5 
<0.5 <O.S <O.S 
<0.5 <0.5 <0.5 
<O . .S <O . .S <0.5 
<0.5 <O.S <0.5 
<0.5 <0.5 <0.5 
<O.S <O . .S <0.5 
<0.5 <0.5 <0.5 
<O.S <0.5 <0.5 
<0.5 <0.5 <0.5 
<0.S <0.5 <0.5 
<O.S <0.5 <0.5 
<0.5 <0.5 <0.5 
<0.5 <0.S <0.5 
<0.S <0.5 <0.5 
<O.S <O.S <0.5 
<0.S <O.S <O . .S 
<O.S <0 • .S <O . .S 
<O.S <0.5 <O . .S 
<O.S <O.S <O . .S 
<O . .S <0.S <0.5 
<O.S <O.S <O.S 
<0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 
<0.4 NA <0.4 
<0.4 <0.4 <0.4 
<0.4 <OA <0.4 
<0.4 <OA <OA 
<OA <OA <0.4 
<0.4 <0.4 <0.4 
<0.4 <OA <0.4 
<0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 
<0.4 <0.4 <OA 
<0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 
<0.4 <0.4 <0,4 
<0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 
<OA <0.4 <0.4 
<0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 
·.;.-.;.•.•,;,·.;.-.;.-, ,....;,; .•.•.•.• ·.·.·:·. ·:·:·:...:-·.,.;...-,·.·· .... ..-.·.··············· ·-:-·····::=·t=::·=·· NE 0.01 
·······:::· ·:···:······:··:·:··:··: ... :····:··················=··:· 
<0.5 <O.S <O.S <O.S <O.S 
<0.5 <O.S <0.5 <0.5 <0.5 
<O.S <O.S <0.5 <0.5 <O.S 
<O.S <O.S <O.S <O.S <0.S 
<O.S <O . .S <0 . .S <O.S <0 . .S 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
<O.S <0 . .S <0.5 <O.S <O . .S 
<O.S <O.S <0.5 <0.S <0.S 
<O.S <O.S <0.5 <O.S <0.5 
<O.S <O . .S <O.S <0.5 <0.5 
<O.S <O • .S <O . .S <0.5 <0.5 
<O.S <O.S <0.5 <O.S <O.S 
<O.S <O . .S <0.5 <0.S <O . .S 
<0.5 <O.S <O.S <0.5 <0.5 
<O.S NA <O.S NA <0 . .S 
<0.5 NA <O.S NA <O.S 
<O.S NA <0.5 NA <0 . .S 
<O.S <O . .S <0.5 <0.5 <0.5 
<0.5 <O.S <0.5 <2 <2 
<0.5 <O.S <0.5 <0.5 <0.5 
<O.S <0.S <0 . .S <O . .S <0,S 
<0.5 <O.S <O.S 1.5 <0.5 
<O.S NA <O • .S NA <0.5 
<0.5 NA <OS . NA NA 
<O.S NA <0.5 NA NA 
<O.S <0.5 <O.S <0.5 <0.5 
<O.S <O.S <0.5 <O.S <0.S 
<O.S <O.S <O.S NA NA 
:.:.:.:.:.:.:.:.:.:.;.: .. :.:~:-:.:.:.:.:.:.:.:.: :.:.:.:.:.:.:.:.:.:.:.:. :.:.:.:.:.:.:.:.:.:.:.:.: .:.;:::.:.:.:.::: :.: 
::::.:.:;,:::::::::::: •• :.:.:;::::::::::::::::::·::::::::::::::::::::::::::::::;;i{e:it::::::::,:;::::=::::::::::::::: 
·············•·•·•·•·• .................. -...•. ···•·•·•··•·•····•···· ························: •·· ···•·•·•···•·•···•· 
·······•·•·•···•·•·•·•·· ······•·•·Y·•···=·•·•· ··:·:·····•·•·•·······•·• ·····:-:·:···:-:·•·•·:-:· •·•···:·•·x·::·····•· ....... -~ ... .. ................. ·•·•·... .. ......... •,•' .... •,• ....... . 
<0.4 <0.4 <0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 <0.4 <0.4 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
<0.4 <0.4 <0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 <0.4 <0.4 
<0.4 NA <0.4 NA <0.4 
<0.4 NA <0.4 NA <0.4 
<0.4 NA <0.4 NA <0.4 
<0.4 <0.4 <0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 <2 <2 
<O.A <0.4 <0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 <0.4 <0.4 
<0,4 NA <0.4 NA <0.4 
<0.4 NA <0.4 NA NA 
<0.4 NA <0.4 NA NA 
<0.4 <0.4 <0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 <0.4 <0.4 
<0.4 <0.4 <0.4 NA NA 
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Table B.l Summary of Surface Water Samnlin2'. Analvtical Results ( continued) 
Usm>A USEPA Usm>A 
WcllNo. DIIID SW-107 SW-101 SW-108 SW-102 SW-109 SW-106 SW-103 SW-105 SW-104 BAL NRL MCI. 
1,1-Di.chlccoetbmo (µs/L) 1l20/l999 •.; .... :;.;:• •••.. ;,:·:, <2.0 
2/11/lm •••• •.•.•.•.;.;.;.· ••• ;. <2.0 
3/lS/1999 :· ··.·.·.·:.·::··:. <2.0 
S/12/1999 ·:··w··.·:··· <2.0 
Yl0(1999 ···:··.·.: ••. :.::.·:: <2.0 
6/7/1999 <2.0 <2.0 
7/6/1999 <2.0 <2.0 
7/'JH1999 <2.0 <2.0 
8/JCY 1999 <2.0 <2.0 
9/2111999 <2.0 <2.0 
lCYl/1999 NA <2.0 
1CY7/1999 NA <2.0 
10'1S/199! NA <2.0 
l 0'26/199! <2.0 <2.0 
11/1.S/199! <2.0 <2.0 
12/13/199! <2.0 <2.0 
1/17/2000 <2.0 <2.0 
'JJ1/2JXX) <2.0 <2.0 
3/6/2000 <2.0 <2.0 
41312JXX> <2.0 <2.0 
S/2/2000 <2.0 <2.0 
SIS/2.000 <2.0 <2.0 
S/1S/7!JOO <2.0 <2.0 
srrJ./2000 <2.0 <2.0 
S/31/2000 <2.0 <2.0 
6/2B2000 <2.0 <2.0 
7/2S/2000 <2.0 <2.0 
8/'2212000 <2.0 <2.0 
9/19(2000 <2.0 <2.0 
9/Ul2000 <2.0 <2.0 
1()'2'2000 <2.0 <2.0 
1()'1anm( <2.0 <2.0 
1a11noo <2.0 <2.0 
11/ 141200 <2.0 <2.0 
12111/200 <2.0 <2.0 











6/7/1999 <1.0 <1.0 
7/6/1999 <1.0 <1.0 
712611999 <1.0 <1.0 
8/3()11999 <1.0 <1.0 
9/27/1999 <1.0 <1.0 
10'1/1999 NA <1.0 
1()17/1999 NA <1.0 
1CY15/199! NA <1.0 
1()'261199 <1.0 <1.0 
ll/lS/199 <1.0 <1.0 
12/13/199! <1.0 <1.0 
1/17/2000 <1.0 <1.0 
'JJ1/2JXX) <1.0 <1.0 
3/6/2000 <1.0 <1.0 
413nooo <t.o <1.0 
snnooo <1.0 <1.0 
SIS/2.000 <1.0 <1 .0 
S115l2000 <1.0 <1.0 
Sn:1J2000 < 1 .0 <1.0 
S/31/2000 <1.0 <1.0 
6126/2000 <1.0 <l.O 
7/2Sl2000 <1.0 <l.O 
8/22/2000 <1.0 <1.0 
9119'2000 <1.0 <1.0 
9/2612000 <1.0 <1.0 
10'2/2000 <1.0 <1.0 
10'10/200 <1.0 <1.0 
10-11noo <1.0 <1.0 
11/141200 <l.O <l.O 
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<2.0 ······~··:·.········ •.; ••••••••••••••••••• ; •••• ;.;.;.•.;.;.;.;.;.;.; ..... • ••• ;.;.•.•.;.• ••••• •.;.•.•.•.• ••••• ;:;:;.•. 
<2.0 ....... .. ,:.. . ... .. .... .. ,: .. : .. .. . . . .: .. ,.~ 4:; .:.: :·.::·:·:·::::;::·:::·.: 
<2.0 .:.:• .... .... . ..... ; ... ... . . .. .. ...... . ....... . , . . .. . • . ...... ;, ,, .. . 
<2.0 :: ::: ::::::::.:.: :::: :::: :.:::.:: ::: :::: :· . .-·· ··:. ·;.· ;·····=· .. ··: 





































































<2.0 <2.0 <2.0 <2.0 <2.0 
<2.0 <2.0 <2.0 <2.0 <2.0 
<2.0 <2.0 <2.0 <2.0 <2.0 
<2.0 <2.0 <2.0 <2.0 <2.0 
<2.0 <2.0 <2.0 <2.0 <2.0 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
<2.0 <2.0 <2.0 <2.0 <2.0 
<2.0 <2.0 <2.0 <2.0 <2.0 
<2.0 <2.0 <2.0 <2.0 <2.0 
<2.0 <2.0 <2.0 <2.0 <2.0 
<2.0 <2.0 <2.0 <2.0 <2.0 
<2.0 <2.0 <2.0 <2.0 <2.0 
<2.0 <2.0 <2.0 <2.0 <2.0 
<2.0 <2.0 <2.0 <2.0 <2.0 
<2.0 NA <2.0 NA <2.0 
<2.0 NA <2.0 NA <2.0 
<2.0 NA <2.0 NA <2.0 
<2.0 <2.0 <2.0 <2.0 <2.0 
<2.0 <2.0 <2.0 <10 <10 
<2.0 <2.0 <2.0 <2.0 <2.0 
<2.0 <2.0 <2.0 <2.0 <2.0 
<2.0 <2.0 <2.0 <2.0 <2.0 
<2.0 NA <2.0 NA <2.0 
<2.0 NA <2.0 NA NA 
<2.0 NA <2.0 NA NA 
<2.0 <2.0 <2.0 <2.0 <2.0 
<2.0 <2.0 <2.0 <2.0 <2.0 
<2.0 <2.0 <2.0 NA NA 
:•:•:•:•:•:•:·•········ ····················································•·••·•·•·•·• ·•·•·•·•·•·•·•·•·•·•·•·• 
... ..... .: ........ :: ...... . ·.: ... : .. .: .. : .. : .. -.• ~te:::: .. :, ... • ..... . •.•. 
: .......... .. .. ... .... .... .. :: .: ......... ......... ... .. •: ...... : .:.: 
<1.0 <1.0 <1.0 <l.O <l.O 
<1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 
<l.O <1.0 <1.0 <1.0 <1.0 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
<1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 NA <1.0 NA <1.0 
<1.0 NA <1.0 NA <1.0 
<1.0 NA <1.0 NA <1.0 
<1.0 <l.O <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <S.O <S.O 
<1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <l.O 
<1.0 <1.0 <1.0 1.3 <l.O 
<1.0 NA <1.0 NA <1.0 
<1.0 NA <1.0 NA NA · 
<1.0 NA <1.0 NA NA 
<1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <l.0 




Table B.1 Summary of Surface Water Samnlin2 Analytical Results ( continued) 
WcllNo. 
USEPA USEPA USEPA 
SW-107 SW-101 SW-UIS SW-102 SW-109 SW-106 SW-103 SW-lOS SW-104 HAL NRL MCL 
Paramoter .:.:.·.·.:.-··::.·::. CAMP CREEK 'l'RIBUTAR.IES :.:.:.:.:.:.:.:.:. :.:.:.:.:.:.:.:.: :.:.:.:.:·:.:.:·: 
3/lS/1999 :::::.:::::::::::::::::: <1.0 
S/511999 ••. . . . .• :. ::. <1.0 
S/12/1999 . ... ....... . • <1.0 
S':20/1999 ·:·:.:·-·:···.··:·::::·· <1.0 
































2111/1999 :·:::::=:::: ::::::H 
3/1Sll!r.J9 .:.:::.:·:·:.·.:.:·:.:.: 
S/5/1999 :.::::::::::··:·::·:·:·: 
S/12/1999 ::::=::::::::::::··:·:·  














































































































































































<1.0 .. . ... ...... ..... .. .. . ..... ..... .. .. . • .•• ~a.~ ..• ..• ... ...••. 
<1.0 ·:·:::·:::·:·:·:·.·:·:: ··=·:.:·:·: :.:·:~·:::. ·.:·:·:.:·=:=.:.:~·:·:·: ·:·=·:·:·:::·=·:::·:::;:• :.:·:·:·:·:·:·:·:::::·=: 
<1.0 ....... ·.::·:·· ........ .. . .... ... ..... .... .... :; •••••• .-···· . ....... · ••• .-· .• :· 
<1.0 ••• .... • .•... ·•·• ... ... . , ·· ... ·.·•· .. •· .. ·.•••·•·•• .. . •··.•·•••· .... •• •. .. .... • .. •·.••• . ... • 
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 NA NA NA NA NA 
<1.0 NA NA NA NA NA 
<1.0 NA NA NA NA NA 
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
~1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 NA <1.0 NA <1.0 
<1.0 <1.0 NA <1.0 NA <1.0 
<10 <1.0 NA <1.0 NA <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <.S.O <.S.O 
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 · <1.0 
<1.0 <1.0 NA <1.0 NA <1.0 
<1.0 <1.0 NA <1.0 NA NA 
<1.0 <1.0 NA <1.0 NA NA 
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 NA NA 
<1.0 
9.9 
·.•.• .• , •• .:.: .•.•. ·.: .. :.:.:.:.:.:.:.· . . ::.· ·.::.: .• :.· ••. :.:.: . ••. :.:.:::.:.:.:.·: .•. ::.· .•. ·.·:.:.::: NE 
::::::::::::::::::;::::: ::::::::::::::::::::::::.:::::::::::::::::::::::::::::::::::::·:;::::::::: :::::::::::::::::::::::: 
<1.0 :.:.:.:.:.:.:.:.:.:.;:: .. :::.:.:.:.:::::.:.:::.:.:.:.:.:.:.:.:.;.:.:.:.:.:.:.:.:.:.:::.:.:.:.:.:.:.:.:.:.:.:.:.:.: ::.:.: 
<1.0 .. ···:i:!r:,,-. .. . ·~~-· .. ··· :.~·«··· ·v:<t:e:··· .... ~3:.Q:· . • 




<1.0 <1.0 . <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
2.2 1.3 1.4 1.7 t..s 1.7 
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 NA NA NA NA NA 
<1.0 NA NA NA NA NA 
<1.0 NA NA NA NA NA 
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 1.8 1.4 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 NA <1.0 NA <1.0 
<1.0 <1.0 NA <1.0 NA <1.0 
<1.0 <1.0 NA <1.0 NA <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <S.O <.S.O 
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 NA <1.0 NA <1.0 
<1.0 <1.0 NA <1.0 NA NA 
<1.0 <1.0 NA <1.0 NA NA 
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
<1.0 <1.0 <1.0 <1.0 <1.0 <1.0 




Table B.1 Summ.arv of Surface Water Samplin,z Analvtical Results (continued) 
USEPA USEPA USEPA 
WeD.No. D1* SW-107 SW-101 SW-108 SW-102 SW-109 SW-106 SW-103 SW-lQS SW-104 HAL NIU. MCL 
..... ... . ... CA!IP CREBK 'IRIBUTARJES ··· ···: ·: · · . .. .. . ... ....... ...... . 
ll20/1999 · · ·: .•. · · · · .. <1.0 <l.O <1.0 •. . ..• ....... •. •. ..... .. . ... . . .. ..... ·· ······ ·· ·:· .. . ... . ...... NE 0.0002 
2/11/1999 ·•·•·•·•·•·:·:·:::·:·~· 2.1 3.3 3.2 
<1.0 <1.0 
<1.0 <l.O ·····i<i:.:e:··· .. . ,4tiJcc: :·:··«rw·: .···~ 7 ·····11"y·: ... 
5/S/1999 •... . .. : . ... • 4.9 NA <1.0 ::::::::::::::: :::::::: :::::::::·:::::·:·:::·:· ::::::::·:·:·:·:::::·: ·::::::~!ii:::::: :::::·:·:·:·:·:: ::·:·:: 
<1.0 3.8 .... : ....... ... ...... ... . · ............ • ........ .. • .. .. .......... . 
S/ZJ/1999 :·:·:·:·:·:·:······:··· <1.0 
<1.0 3.3 . ... : .. ::.:: .::::: ::::.y ::: .:: :.:: ::::y:,:::.:: :: :_, •• , .:: :::. :: 
S/'1UJm ~--···:::·:···:·:·:··· <1.0 <1.0 <1.0 •.•. :.:: ... : ... ::. :.:::·:::·:.: ·>·:.:.:.::.:·.:.::. ·:··.:;.:·:::··:·::·:::·::· 
617/1999 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
7/6/1999 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <l.O <1.0 <1.0 
7126/1999 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <l.O <1.0 <1.0 
8/30/1999 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
912111999 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
1CYV1999 NA <1.0 <1.0 <1.0 NA NA NA NA NA 
1CV7/1999 NA <1.0 <1.0 <1.0 NA NA NA NA NA 
10l15/199! NA <1.0 <1.0 <1.0 NA NA NA NA NA 
l<Y26'199! <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
lVlS/199! <1.0 <1.0 <1.0 <1.0 <l.0 <1.0 <1.0 <1.0 <1.0 
17/131199! <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
1/17/2000 <1.0 <l.O <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1 .0 
217/2000 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1 .0 
3/6/2000 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1 .0 
4/3/2000 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
S/212000 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
S/8/2000 <l.O <1.0 <1.0 <1.0 <1.0 NA <1.0 NA <1.0 
S/1S'2000 <l.O <1.0 <1.0 <1.0 <1.0 NA <1.0 NA <1.0 
srnnooo <1 .0 <1.0 <1.0 <1.0 <1.0 NA <1.0 NA <1.0 
S/31/2000 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
6126'2000 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <l.O <S.O <S.O 
71251'1JXJO <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
8/22/2000 <l.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
9/19(2()()() <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
9l26nDOO <1.0 <1.0 <1.0 <1.0 <1.0 NA <1.0 NA <1.0 
1CY2/2000 <1.0 <1.0 <1.0 <1.0 <1.0 NA <1.0 NA NA 
10l10/200 <1.0 <1.0 <1.0 <1.0 <1.0 NA <1.0 NA NA 
10l17/2M <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
11/141200 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
17/111200 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 NA NA 
l/20/1999 :·:•:•:::•:::::=:=:·:·:· <0.3 <0.3 <0.3 
2/11/1999 ° ... ·:· . . . . ·: <0.3 <0.3 <0.3 




S/20/1999 ... •. ·:·.. ... <0.3 <0.3 <0.3 ···:········· .. ........................... .. .. ..... ...... ........ . 
Sl'2S/1999 :··~·········· ····· <0.3 
<0.3 <0.3 ::::::·:·:::-:·:·:::::: :·:::::::·:·:::::::::::::::::::::·:::·:::·~:·:·: ·:::·::·:·::::::::::;·:· :·:·:::·:::::·:·:·:·:::: 
6/7/1999 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 
7/6/1999 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 
7126/1999 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 
S/30l1999 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 
9/27/1999 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 
10IV1999 NA <0.3 <0.3 <0.3 NA NA NA NA NA 
1()'7/1999 NA <0.3 <0.3 <0.3 NA NA NA NA NA 
lOllS/199 NA <0.3 <0.3 <0.3 NA NA NA NA NA 
10/261199 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 
11/15/199! <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 
17/131199! <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 
1/17/2000 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 
217/2000 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 
316/2000 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 
4/3/2000 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 
S/2/2000 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 
5/8l2JX>O <0.3 <0.3 <0.3 <0.3 <0.3 NA <0.3 NA <0.3 
S/lS/2000 <0.3 <0.3 <0.3 <0.3 <0.3 NA <0.3 NA <0.3 
S/21J2000 <0.3 <0.3 <0.3 <0.3 <0.3 NA <0.3 NA <0.3 
S/31/2000 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 
6/2f,J2000 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <2 <2 
11251'1J)OO <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 
8/22/2000 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 
9119'2000 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 
9/2(,(2000 <0.3 <0.3 <0.3 <0.3 <0.3 NA <0.3 NA <0.3 
10l1J2000 <0.3 <0.3 <0.3 <0.3 <0.3 NA <0.3 NA NA 
1Qll!Y'2MI <0.3 <0.3 <0.3 <0.3 <0.3 NA <0.3 NA NA 
10l17/200I <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 
11/14/2MI <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 
12/11/200! <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 NA NA 
185 
Table B.1 Summa1:·v of Surface Water Samplin2 Analytical Results ( continued) 
WellNo. DIiie SW-1'11 
USEPA USEPA USEPA 
SW-101 SW-108 SW-102 SW-109 SW-106 SW-103 SW-lOS SW-104 HAL NRL MCL 
::::::::::::::::::::::::: CAMP CRl!l!K TRIBOT ARIES · · · · · · · · · · · · · · · · · · · · · · .. · · · 
Flowmto (!ifs) 1/20/J.m NA NA 8.00 31.94 .•...•. •. •. . .. .. ..... .•. NA •.•. f .. ;::-·-·.:,·. 0.09 
2/11/1999 1S.97 17.63 NA IS.98 ·:·:·:·:·:·:~·:·:·:·:·: ·~:·:·:·:·:·:·:·:·::; 2.46 : : •. '. :·.::: :·:. 1.87 
3/1511999 17.88 17.47 18.19 17.08 3.96 ........................ · o.s.s 
418/1999 30.9 29.S9 3S.70 S0.03 ···:··:···· ···::·:····:· NA 
·•·····•···•·•·•·•·•····· 
0.48 
S/S/1999 24.93 32.07 3S.64 38.80 2.79 ··'··········· NA 
S/1211999 NA 498.57 294.7S ·········•· ....... , .... .. NA NA 
S/2()'1999 NA 47.06 S0.06 47.91 ... : .. :... ...... .. ...•. .... NA ···············•·•::· NA 
S/26'1999 NA 31.17 37.77 46.80 NA .:.:.:.:.:.:,:.:.:.:,:.: NA 
617/1999 NA 31.08 39.SS 20.25 2.44 ................ 1.75 
7/6/1999 16.14 18.63 lS.87 10.81 NA :: ::::::::: :: 0.56 
1n6/1999 6.86 8.27 6.26 .S.13 ........................ ············•······ 2.6S :.: ·:···:.:: .. 0.00 
8/30'1999 1.56 17.82 10.89 11.23 8.02 ·.:.:.:.:.::.:.·:.·.·. 0.00 
9n111m 13.12 14.01 15.11 13.83 6.03 0.00 
UYl/1999 NA S.92 3.83 6.72 NA :::::,:::.::.:.:: NA 
10'711999 NA 4 .97 4.09 S.59 NA NA 
lO'lS/1~ NA 3.22 3.Sl 4.88 ;::::::::::::::::::::::: :::::::::::::::::::::::. NA NA 
10'26/199 3.SS 3.31 3.89 3.93 ,:,:,:-:-•••·•·•·•·•·•·•:·:-:•:-:•:•:•:-:•:-:•:- 0.84 ·•:•::·•:•·:•:;:·•:•·•·•· 0.00 
11/lS/199 2.SS 3.64 4.77 2.73 !•···•··;······:········•·····= 0.2A 0.00 
12/13/199 4.36 S.61 S.13 2.98 •.•:.·.:.•.:.•.:.:.· .......... ·.::.•.:.·.:.:.· 0.48 0.00 
1/17/2000 0.88 0.90 0.59 0.7S ....•. •.:.:.:.·:.:.•: .. •.:.:.:.:.·:.::.:.•.· 0.49 0.00 
211nooo 3.08 0.00 1.08 1.17 :.:::::::::·::·::::·:::::::::::,:,: 0.19 ;::::·:·;·:·:·:::::::·:·: 0.00 
3/612000 7.19 53.S S.73 7.74 .. . .. . .. . . . . . . ,•"., ...... . 2.82 0.00 
41312000 4.62 4.06 4.21 4.A8 1.49 0.04 
S/212000 729 8.38 6.06 6.93 8.97 :.:.:.:.:.:;.:.:.:.:;. 3.22 :.:.·.:::.::.::.·:. 0.02 
S/8/2000 18.14 16.86 14.77 14.1.S 17.46 :·:·:·:·:·:::·:+:·:·:: 3.46 NA 
S/1512000 9.24 8.73 8.39 10.19 9.14 ······,··:····· 1.57 NA 
S/22/1£JOO 10.74 8.08 7.80 10.03 10.90 :·:·:·:·:::·:::=:·:::·:= NA 0.61 
S/31/2000 198.57 246.23 3.S9.S6 240.57 
302.33 ····:·:···········:···:· 
19.0S :.:.:.:.:.:.:.:.:.:.:.:.· 30.01 
6/26/2000 39.63 38.04 39.92 4S.33 51.49 .::: ::::::::: 7.93 :.:.:.:.:.:.;.;.:.:.:.::· S.45 
1125/'JJ)OO 11.03 10.22 11.9.S 1S.6S 14.SS ............... •.•.•.•.· 9.99 :·:::·:·:·:·:·:·:·:·:.:·: 0.53 
8/22/'Jl)OO 3.S1 3.S.S 4.0S 6.88 4.47 ·:.:.·.::.:::.:::. 
9/19n000 0.40 0.61 0.24 0.01 0.71 :.:.:.:.:.:.:.:.:.:.:.:. 
9nVJJ>OO 0.95 0.99 0.62 0.84 1.09 .......... , ............ . 0.01 :·:··········.·.······· 0.01 
1 <nntXXJ 0.47 O.S4 0.49 0.01 
0.41 •·•·•·•·•·•·•·•·•·•·•·•· 
0.01 .::·:.::·.::::.:.:::.:. NA 
10'10/200 . NA NA NA NA NA :··.·· ••• ·,:.·:·:··.··.: 
10'17/200 0.80 0.64 0.80 0.Gl 1.00 ::.·::::: .• :··: 0.01 ·:'.:::'.::::::.:.·.-.· ••• • 0.01 
11/14/200 1.49 0.19 129 1.79 1 .. 50 ·:::·:::·:·:·:::::::·:·: 0.01 ::·.·.·::::::: 0.01 
12/11/200 NA NA 0.76 NA NA .:.:·:.:.:·:.:.:-::·.:.: NA :·:·:·:·:·:·:·.·:·:·.·:· NA 
Notes: 
t!/11/:\:!!1/\1!1I!IIl !II11!!1!1111!1!1I!I:11!1\~t=:~n:::~~~mnopaiod 
NE - Indicates limit Not Established 
<- lndicales less tlan the )abanto.ty dotec1ion limit 
UWL - lnllicmcs mic:rogmins per lita:, eqgiwlcnt to para per billion III law ccmcc:nlnlions 
mg/L - lndicalcs millipwns per Ii.tar, eqai.wlal to pets pcrmilli.cm.11tlc,wc~ 
USEPA HAL -hldicatcs Umted Stlllls ~tlll Protection Acc,.v;y Health Advisory Level 
USEPANRL • Indioadcs UniledStates Protmction Ar.-:Y Nealicihlo Risk Lcvdfoc Cc:mogcm 
USEP A MCL -lndicalcs Unud Stms Bllviromm:lltll Protection Aec,t:t M~ Ccm.1amiNot AVllilablmt L.wl 
NA- Indicalcs1hactbc~crwm:aot~ 
NE NE NE 
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APPENDIX C SURFACE WATER PHOTOGRAPHS 
187 
SW-107 under the bridge. Water reaches the top 
stain mark during high flow. 
SW-10 I looking upstream. 
The drain tile immediately downstream of SW-101 
during typical creek water levels . 
SW-107 looking downstream. Cows cross the 
creek immediately beyond the tree branch over 
Camp Creek. 
SW-101 looking upstream. The draintile can be 
seen in the bank on the right. 
The increased depth during high flow of SW-101 
can be seen by the depth of the creek in relation 
to the draintile, seen in approximately the center 
of the picture. 
Immediately downstream of SW-101 at the 
convergence of SW-103 and SW-101. 
SW-103 in 1999 when the width across was 
approximately 3 feet. 
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View looking downstream from the convergence 
of SW-103 and SW-101 along Camp Creek. 
Another view of SW-103 in 1999. 
SW-103 in 2000 when the tributary was approxi- SW-103 under high flow conditions after a May 
mately 8 feet wide. rain event. 
Standing at SW-108 looking upstream. 
SW-104 looking upstream at the beaver dam. 
SW-104 looking upstream. 
189 
Standing at SW-108 looking downstream. 
SW-104looking upstream. 
SW-104 at the convergence with Camp Creek (at 
SW-102). 
Beaver dam at SW-104 before failure . 
SW-104 after a May rainfall event. 
Slight sheen noted at SW-104. 
190 
SW-104 typical flow with a depth of Oto 6 
inches. 
Measurement of flowrate at SW-104 after May 
rainfall event. 
Convergence of SW-104 and Camp Creek. 
SW-102 looking upstream. SW-104 converges 
from the bank on the right. 
SW-104 convergence with SW-102. The light 
shade next to the bank is flow from SW-104. 
Convergence in 1999 when a tree had fallen 
across . 
191 
SW-102 looking upstream. 
View upstream of the convergence of SW-104 
andSW-102. 
SW-102 looking downstream. Erosion is evident 
on the south bank. 
192 
SW-102 looking upstream. Influence of SW-104 on Camp Creek. 
SW-102 looking downstream. SW-102 looking downstream. 
SW-102 looking downstream. SW-102 looking downstream. 
193 
Erosion noted by SW-109. SW-109 looking downstream. 
Upstream of SW-109 looking downstream. SW-109. 
SW-106 south of Highway 163 . SW-105south of the south haul road. 
194 
APPENDIX D MASS BALANCE CALCULATIONS 
TableD.1 S - fCh - LM fSelect P :t Al C C k 
AM, AM1/L AM1 A Mi/L AM3 AM~/L AM., AMJL 
Parameter Date Mass/s Mass/sift Mass/a Mass/sift Mass/a Mass/sift Mass/a Mass/sift 
COD 1/20/1999 NA NA NA NA -l.9SB+-08 -l.128+-0S NA NA 
(rowday or rowday/ft) 2/11/1999 l.83B+-08 4.94B+o4 4.9SB+-07 l.SOB+o4 NA NA NA NA 
3/lS/1999 -3.lOB+-07 -8.38B+-03 -l.30B-08 -3.9SB-12 -1.74B-08 -9.99B-12 NA NA 
7/6/1999 1.528+-08 4.11B+o4 3.79B+-OS l.lSB+-02 -3.33B+-08 -l.91Bt-0S NA NA 
7/26/1999 8.63B+o6 2.33B+03 -8.69B-OO -2.63B-12 -8.668-10 -4.98B-13 NA NA 
8/30/1999 6.28Bt-07 l.70B+o4 1.8SB+-08 S.61B+o4 -2.4SB+o4 -l.41B+-Ol NA NA 
9/27/1999 -2.18B+o8 -S.88B+o4 8.31Bt-07 2.S1B+o4 -1.89Bt-08 -l.08B+oS NA NA 
10/26/1999 -3.S3Bt-07 -9.SSB+-03 3.48Bt-07 l.OSB+o4 -8.668-10 -4.98B-13 NA NA. 
ll/lS/1999 4.SOB+-07 1.228+o4 2.S28t-07 7.628+-03 -4.06B+o7 -2.34B+o4 NA NA 
12/13/1999 8.4SB+o7 2.28B+o4 4.26B+-07 l.29B+o4 NA NA NA NA 
1/17/2000 6.9SB+o6 1.88B+-03 l.77B+o7 S.37B+o3 NA NA NA NA 
2/7/2000 -S.88B+-07 -1.S9B+o4 NA NA -2.64B+o6 -l.S28+-03 NA NA 
3/6/2000 7.19B+oS 1.94B+o2 4.31Bt-07 1.30B+o4 -l.94Bt-07 -1.128+o4 NA NA 
4/3/2000 S.82B+-07 l.S7B+o4 4.47B+o7 l.3SB+o4 -9.69B+o7 -S.S1B+o4 NA NA 
S/2/2000 8.32B+-0S 2.2SB+o2 9.14B407 2.77B+o4 -4.4SB+o7 -2.S6B+o4 -2.S7Bt-07 -7.14B403 
S/8/2000 6.328408 l.71B405 -1.84B408 -5.S7B+o4 NA NA -1.80B408 -S.OOB+o4 
S/lS/2000 -3.12B+o6 -8.43B+o2 l.24B+-08 3.7SB+o4 NA NA -6.428+-06 -1.79B+-03 
S/2212000 3.0lBt-07 8.13B403 NA NA -7.90Bt-07 -4.54B+o4 6.24B+o7 l.73B+o4 
S/31/2000 7.97B+o8 2.1SB+o5 S.83B+o8 l.76B+o5 -1.7SB+l0 -1.0IB+o7 -3.18B+()I) -8.8SB+oS 
6/26/2000 -3.0IE+o8 ~8.13B+o4 1.0IB+o8 3.0SB+-04 l.00B+o8 S.1SB+o4 -2128+()1) -S.89B+o5 
7/25/2000 -1.29B+o8 -3.49B+o4 8.80B+o7 2.66B+o4 -1.9SB+o8 -1.128+o5 l.08B+o8 2.99B+o4 
8/2212000 2.30B+oS 6.22B+-Ol -S.07B+os -1.S3B+o2 3.27Bt-07 l.88B+o4 -l.34B+o8 -3.73B+o4 -\0 
9/19/2000 S.20B+o6 1.40B+o3 NA NA -7.SSB+os -4.34Bt-02 1.34Bt-07 3.74B+-03 Vi 
9/26/2000 -1.30B+o6 -3.SlBt-02 -2S7B+o6 -7.77B+o2 NA O.OOB+oo 6.66B+o6 1.8SB+-03 
10/2/2000 -1.60B+o6 -4.32B+o2 3.76B+o6 1.14B+-03 -l.46B+o6 -8.38B+o2 7.30B+o6 203B+o3 
10/10/2000 -9.37B+o6 -2.S3B+-03 -8.48B+o6 -2.S7B+o3 l.19Bt-07 6.86B+o3 9.79B+o6 2.728+-03 
10/17/2000 S.llB+-06 1.38B+o3 3.82B+o6 l.1SB+03 NA NA 289B407 8.04B+-03 
11/14/2000 -4.S4B+-07 -l.23B+o4 -S.09B-11 -l.S4B-14 -6.128+04 -3.S2B+ol -3.38Bt-07 -9.41Bt-03 
12/11/2000 O.OOB+oo O.OOB+oo O.OOB+oo O.OOB+oo -1.86Bt-07 -1.07B+o4 O.OOB+oo O.OOB+oo 
SUM t.24E+09 3.3SE+05 t.33E+09 4.0tE+OS -t.86E+10 -t.07E+07 -5.44E+09 -t.SIE+06 
Aven2e 4.42E+07 t.20E+04 S.30E+07 1.60E+04 -8.4SE+08 -4.6SE+OS •3,63E+08 -i.om+os 
SD 2.12E+08 S.73E+04 1.29E+08 3.89E+04 3.73E+09 z.09Ji:+06 9.S3E+08 2.6SE+05 
AM1 AM1/L AM2 
Parameter Dato Mass/a Mass/a/ft M1188/s 
Chloride 1/20/1999 NA NA NA 
(mg/day or mg/day/ft) 2/11/1999 2.34B+o7 6.32Bt-03 l.21Bt-08 
3/15/1999 9.0lBt-07 2.44B+04 5.38Bt-08 
4/8/1999 4.93B+o8 1.33B+-05 -2.94B+o5 
S/S/1999 -1.S4Bt-09 -4.t7B+o5 4.77Bt-07 
6/7/1999 NA NA -6.7SB+o7 
7/6/1999 1.lOBt-08 2.968+-04 -4.5SB+o1 
7/26/1999 6.21Bt-07 1.68Bt-04 -1.9SB+o7 
8/30/1999 4.90B+o8 l.32Bt-0S -6.768+o7 
9/27/1999 -l.4SB+o8 -3.91Bt-04 -3.94Bt-08 
10/26/1999 -1.88B+o7 -5.08B+o3 -3.89Bt-07 
ll/lS/1999 8.98Bt-07 2.43Bt-04 4.89Bt-06 
12/13/1999 l.38Bt-08 3.728+-04 8.29Bt-06 
1/17/2000 9.lOBt-06 2.468t-03 -2.20Bt-08 
2/7/2000 -4.S8Bt-09 -1.24Bt-06 -l.02Bt-07 
3/6/2000 -J.90Bt-08 -5.12Bt-04 -1.11Bt-08 
4/3/2000 -7.37Bt-07 -1.99Bt-04 -4.t2Bt-07 
51212000 7.29Bt-07 1.978+-04 -8.79Bt-07 
S/8/2000 -3.99Bt-08 -l.08Bt-OS NA 
S/15/2000 -3.40Bt-07 -9.20Bt-03 -2.47B+o7 
S/22/2000 -l.93Bt-08 -5.20Bt-04 NA 
S/31/2000 6.82Bt-08 l.84B+o5 -7.318+-08 
6/26/2000 -2.17Bt-08 -5.868+-04 1.97B+o7 
7/25/2000 -3.44Bt-07 -9.31Bt-03 1.27Bt-07 
8/22/2000 5.31Bt-06 1.44B+o3 2.468+07 
9/19/2000 2.49Bt-07 6.74Bt-03 3.82Bt-06 
9/26/2000 2.18Bt-06 5.89Bt-02 3.40Bt-06 
10/2/2000 l.00B+o7 2.71Bt-03 S.62Bt-06 
10/10/2000 -5.62B+o7 -l.52Bt-04 -4.06Bt-07 
10/17/2000 -3.74B+o7 -J.01B+04 2.6SB+o7 
11/14/2000 -2.7SB+o8 -7.44Bt-04 2.67Bt-06 
12/11/2000 O.OOBt-00 O.OOBt-00 O.OOBt-00 
SUM -5.49E+09 -t.48E+06 -1.08E+09 
Avehl!e -t.83E+o8 -4.95E+04 ...1.72E+07 
SD 9.0SE+08 2.45E+05 1.9JE+08 























































































































































AM1 AM1/L AM1 A Mi/L 
Parameter Date Maas/a Maas/a/ft Mass/a Mass/a/ft 
Ammonia Nitrogen 1/20/1999 NA NA NA NA 
(D1jf day or D1jfday/ft) 2/11/1999 1.13Bt-06 3.0SB-t-02 7.078t-06 2. 14B+o3 
3/15/1999 -5.968t-06 -1.61B+o3 -8.158-10 -2.478-13 
9/27/1999 218B+o5 5.89B+ol -1.48B+o6 -4.468-+-02 
1/17/2000 -1.378-t-05 -3.70B-t-01 -1.93B+o6 -5.84B+o2 
2/7/2000 -2.04B+o7 -5.S28+o3 -3.218-+-05 -9.71B+ol 
3/6/2000 -4.44B+o6 -1.20B+o3 -1.368-10 -4.118-14 
5/8/2000 298B+o5 8.0SB+ol 9.31B+o5 2828-+-02 
S/lS/2000 -3.068+()6 -8.28B-t-02 2.728-10 8.228-14 
S/31/2000 4.33B+o7 1.178-t-04 -1.39B+o7 -4.21B+o3 
6/26/2000 7.49B-t-04 2.028-+-01 NA NA 
9/19/2000 5.lOB-t-04 1.38B+ol -2.128-12 -6.428-16 
12/11/2000 O.OOB+oo O.OOB+oo O.OOB+oo O.OOB+oo 
SUM 1.11E+07 3.00E+OO -9.64E+06 -2..92E+OO 
Averu,e 9.14E+05 2..50E+01 -8.76E+05 -2.6SE+01 
SD t.46E+07 3.95E+OO 4.92E+06 t.49E+OO 
Nitrate 8/30/1999 O.OOB+oo O.OOB+oo -5.89B+o6 -1.78B+o3 
(D1jf day or mg/day/ft) 9/27/1999 1.21B+o7 3.28B+o3 NA NA 
10/26/1999 -2878-+-06 -7.74B+o2 3.318-+-06 1.00B+o3 
11/15/1999 6.58B+o6 l.78B-t-03 4.70B+o5 1.428-+-02 
12/13/1999 2.128-+-07 5.74B+o3 1.378-+-07 4.14B+o3 
1/17/2000 1.19B+o6 3.21B-t-02 5.19B+o5 1.578-t-02 
2/7/2000 -3.24B+o7 -8.76B+o3 S.11B+o5 1.SSB-t-02 
3/6/2000 -208B+o7 -5.63B+o3 1.40B+o7 4.24B+o3 
4/3/2000 -6.14B+o6 -1.668-+-03 5.93B+o6 1.80B+o3 
S/2/2000 1.768-t-07 4.768-t-03 NA NA 
S/8/2000 1.328-+-07 3.578-+-03 1.09B+o7 3.30B+o3 
S/lS/2000 -1.46B+o7 -3.9SB+o3 4.99B+o6 1.SlB+o3 
S/22/2000 -S.668-t-07 -1.S3B-t-04 NA NA 
S/31/2000 1.94B+o8 S.2SB+o4 4.668+o7 1.41B+o4 
6/26/2000 -4.678-+-07 -1.268+o4 3.18B-t-07 9.628-+-03 
7/25/2000 -1.4SB-t-07 -3.91B+o3 2.23B+o7 6.74B+o3 
8/22/2000 2.378+()6 6.428-+-02 1.778-+-06 5,35B+o2 
9/19/2000 5.81B+o5 l.578+o2 6.178-+-05 l.878-+-02 
9/26/2000 3.668-t-05 9.89B+ol l.23Bt-06 3.728-t-02 
10/2/2000 2.428-t-04 6.53B+oo 1.90B+o5 5.75B+ol 
10/10/2000 -3.09B+o6 -8.3SB+o2 1.01B+o6 3.0SB-t-02 
10/17/2000 -S.22B+oS -1.41B+o2 6.S3B+oS 1.98B+o2 
11/14/2000 -1.368-t-07 -3.68B+o3 -6.12B+o4 -1.858-t-01 
12/11/2000 O.OOE+oo 0.00B+oo O.OOB+oo O.OOB+oo 
SUM S.78E+07 l.56E+04 1.55E+08 4.68E+04 
Averu,e 1.41E+06 6.51E+01 7.36E+06 2.23E+03 











































































































































ti.Mi li.M1/L ti.Mi li.Mi/L ti.Ml .ti.M]l'L ti.Mt ti.MA, 
Paramotor Dato Mass/s Mass/a/ft Mass/s Mass/a/ft Mass/s Mass/sift Mass/a Mass/sift 
Fecal Coliform 8/30/1999 O.OOB+oo O.OOB+oo l.94B+l2 5.87B+o8 1.878+11 1.07B+o8 NA NA 
( colonies/day or 9/27/1999 -4.24B+IO -1.1SB+o7 2.94B+10 8.89B+o6 -7.40B+o9 -4.2SB+o6 NA NA 
colonies/day/ft) 10/26/1999 3.39B+o8 9.17B+o4 NA NA -1.18B+o8 -6.80B+o4 NA NA 
11/lS/1999 8.30B+o9 2.24B+o6 -9.86B+o8 -2.98B+oS NA NA NA NA 
12/13/1999 4.13B+o8 1.1 lB+oS -3.16B+o8 -9.5SB+o4 -2.52B+o8 -l.4SB+oS NA NA 
1/17/2000 -2.06B+o7 -5.56B+o3 -4.3SB-09 -1.328-12 -1.32B+o8 -7.60B+o4 NA NA 
2/7/2000 -1.S4B+o1 -2.04B+o4 -9.53B+o7 -2.88B+o4 NA NA NA NA 
3/6/2000 -1.10B+o8 -2.99B+o4 -3.72B+o8 -l.13B+o5 -1.40B+o9 -8.07B+os NA NA 
4/3/2000 1.8SB-H>8 S.OOB+o4 -1.44B+o9 -4.36B+o5 4.0lB-f-08 2.31B-H>5 NA NA 
5/2/2000 -l.60B+o9 -4.32B+os -3.02B+12 -9.14B+o8 -7.74B+12 -4.4SB+o9 -7.18B-H>8 -2.00B+os 
S/8/2000 -3.62B+10 -9.78B+o6 5.90B+09 1.798+-06 NA NA -2.188+13 -6.07B+09 
5/15/2000 4.64B+o9 1.25B+o6 -3.698+o9 -1.128+-06 NA NA -2.21B+09 -6.14B+o5 
S/2212000 -1.298+09 -3.49B+o5 NA NA -4.17B+l2 -2.408+09 8.09B+o8 2.2SB+oS 
5/31/2000 2.99B+12 8.09B+o8 -5.31B+l1 -1.61B-H>8 4.76B+12 2.73B+o9 -1.68B+14 -4.66B+IO 
6/26/2000 4.42B+11 l.19B+o8 -4.ISB+10 -1.26B+o7 3.87B+o9 2.23:Bt-06 7.18B+10 2.00B+o7 
7/25/2000 -7.l2B+o9 -1.92B+o6 -2.30B+IO -6.9SB+o6 l.30B+o9 7.47B+o5 9.30B+o8 2.S9B+oS 
8/22/2000 2.44B+o9 6.60B+oS 4.0lBt-09 1.21B+o6 4.57B+09 2:62B+o6 -1.llB+lO -3.09B+o6 
9/19/2000 2.SJB+09 6.79B+o5 7.8SB+o8 2.38B+o5 -4.30B+o8 -2.47B+oS 9.66B+o8 2.69B+oS 
9/26/2000 2.20B+o9 S.9SB+oS 8.25B-H>8 2.SOB+oS -2.33B+o8 -1.34B+oS -1.69B+09 -4.69B+oS 
10/2/2000 7.278-f-08 1.96B+os 2.73B+o9 8.27B+o5 -1.71B+o7 -9.84B+o3 5.24B+o8 1.46B+oS 
10/10/2000 -1.87B+o8 -5.07B+o4 5.27B+o8 1.S9B+os NA NA 4.31B+o8 l.20B+o5 
10/17/2000 1.708+10 4.60B+o6 -1.92B+o8 -5.82B+o4 NA NA 6.64B+o8 l.8SB+o5 -\0 
11/14/2000 -l.68B+o9 -4.SSB+oS NA NA 2.51B+o8 l.44B+o5 -2.81B+09 -7.80B+os 00 
12/11/2000 0.00B+oo O.OOB+oo 0.00B+oo O.OOB+oo O.OOB+oo O.OOB+oo O.OOB+oo O.OOB+oo 
SUM 3.38E+l2 9.14E+08 •l,64E+12 -4.96E+08 -6.97E+12 -<1.00Ei+09 •l.89E+14 -5.26E+10 
Aver12e UIE+ll 3.81E+07 -7.BlE+lO -2.36E+07 -3.87E+ll -2.22E+08 -1.26E+13 -3.51E+o9 
SD 6.14E+11 I.66E+08 8.07E+11 2.44E+08 2.39E+l2 1,38E+09 4.32E+13 1.20E+l0 
Iron 2/11/1999 2.03B+o5 S.49B+ol 9.03B+o5 2.73B+o2 NA NA NA NA 
(mwday or mwday/ft) 3/lS/1999 -S.02B+o4 -1.36B+ol -4.07B-10 -1.23B-13 -1.878-10 -1.078-13 NA NA 
7/26/1999 1.73B+o5 4.66B+ol -l.36B-10 -4.ttB-14 NA NA NA NA 
9/27/1999 1.09B+o5 2.948+o1 -7.38B+o5 -2.23B+o2 -1.22B+o3 -7.03B-OI NA NA 
12/13/1999 l.S3B-H>5 4.13B+o1 7.0SB+o4 2.13B+ol 8.81B+o3 5.06B+oo NA NA 
1/17/2000 2.4SB-H>3 6.61B-Ol -6.12B+oS -1.8SB+o2 S.S2B+oS 3.17B+o2 NA NA 
2/7/2000 -3.77B+oS -1.02B+o2 O.OOB+oo O.OOB+oo 0.00B+oo O.OOB+oo NA NA 
3/6/2000 -2.2SB+oS -6.08B+ol -6.79B-11 -2.0SB-14 -1.068-12 -6.lOB-16 NA NA 
S/31/2000 S.83B+o6 l.S8B+o3 3.26B-09 9.868-13 NA NA -5.72B+o7 -1.S9B+o4 
6/26/2000 -1.9SB+o5 -5.26B+ol -2.36B+o7 -7.1SB+o3 NA NA 1.54B+o5 2.10B+o2 
7/25/2000 -9.94B+o4 -2.69B+ol NA NA S.94B-ll 3.428-14 -1.30B+o5 -3.62B+ol 
8/22/2000 4.60B+o3 1.24B+oo 8.49B-12 2.S7B-1S 1.32B+o7 7.61B+03 -2.9SB+o5 -8.20B+ol 
9/19/2000 2.SSB+o4 6.89B+oo -1.06B-12 -3.218-16 S.38B+o3 3.09B+oo 8.52B+o4 2.37B+ol 
9/26/2000 S.08B+o3 1.37B+oo -1.068-12 -3.21B-16 -1.22B+o3 -7.03B-01 3.03B+o4 8.41B+oo 
11/14/2000 -J.59B+oS -4.29B+ol -1.06B-12 -3.21B-16 -1.22B+o3 -7.03B-01 -3.S9B+o4 -9.98B+oo 
SUM 5.40E+06 1.46E+03 -2.40E+07 -7.26E+D.1 1.3BE+07 7.94E+03 -5.68E+07 -1.58E+04 
Aver12e 3.60E+05 9.73E+01 -1.71E+06 -5.19E+02 1.26E+06 7.ZIE+OZ -8.11E+06 -Z.26E+D.1 
SD l.52E+06 4.llE+02 6.32E+06 1.91E+03 3.98E+06 2.29E+03 2.16E+07 6.02E+03 
-
6M1 AM1/L AM1 A MJL 
Parameter Date Mass/s Mass/sift Mass/s Mass/s/ft 
Total Phenols 6/7/1999 NA NA S.948-11 1.808-14 
(rnwday er rnwday/ft) 3/6/1000 -4.50B+o4 -1.22Bt-OI 8.498-12 2.578-15 
5/8/2000 5.588+-06 l.51B+03 -5.098-11 -1.548-14 
SUM 5.S3E+o6 1.50E+o.1 t.70E-11 5.t4E-t5 
Averaee 2.77E+06 7.48E+02 5.66E-l2 t.71.E-15 
SD 3.98E+06 1.07E+o.1 5.52E-11 t.67E-t4 
TOH 2/11/1999 2.03B+o4 5.49B+oo -2.128+-06 -6.40B-+02 
(rnwday or mg/day/ft) 3/15/1999 -3.99Bt-05 -1.08Bt-02 8.49B-12 2.S7B-1S 
4/8/1999 -4.68Bt-OS -1.27Bt-02 -4.228-11 -l.28B-14 
5/5/1999 8.74B+o4 2.36Bt-Ol l.53Bt-05 4.64Bt-Ol 
6/7/1999 NA NA 2.978-11 8.99B-1S 
7/6/1999 3.0SB+o4 8.23B+oo -6.38Bt-05 -1.93Bt-02 
7/2(,/1999 1.738-l--04 4.66B+oo 5.848-l--04 1.77B+o1 
8/30/1999 3.30B+o4 8.93B+oo 4.38Bt-OS 1.33Bt-02 
9/27/1999 2.178-+0S 5.8SBt-01 -3.68Bt-05 -t.11B+o2 
10/26/1999 4.57B+o4 1.23Bt-01 2.128-12 6.428-16 
12/13/1999 -3.80B+o4 -1.03B+ol l.81B+o4 S.46B+oo 
1/17/2000 5.04Bt-03 l.36B+oo 2.628+03 7.928-01 
2/7/2000 -l.28Bt-05 -3.46Bt-01 O.OOB+oo 0.00Bt-00 
3/6/2000 -22SB+o4 -6.08Bt-OO 6.5SB+o4 1.98Bt-Ol 
4/3/2000 4.288-l--04 l.16Bt-01 -8.1SB+o4 -2.47Bt-01 
5/2/2000 1.33B+o4 3.60B+oo -2.33Bt-05 -7.068+ol 
5/8/2000 -1.57B+o4 -4.23B+oo -2.558-11 -7.718-15 
5/15/2000 -6.24B+03 -t.69B+oo -4.24B-12 -1.288-15 
5/22/2000 -3.2SB+o4 -8.80B+oo NA NA 
5/31/2000 5.408+-06 1.468+03 6.99Bt-05 2.12Bt-02 
6/2{,/2000 -1.9SB+o4 -5.268+oo 1.70B-11 5.14B-15 
8/22/2000 4.60Bt-02 1.24B-OI 4.1 lB-12 1.24B-15 
9/19/2000 2.558+03 6.89B-01 -2.11B+o4 -6.37B+oo 
9/'}Jj/2000 -1.57B+o4 -4.24B+oo -1.388-12 -4.168-16 
10/10/2000 -8.56Bt-03 -2.31B+oo O.OOB+oo 0.00B+oo 
11/14/2000 -4.14B+o4 -1.12Bt-01 5.58Bt-03 1.69B+oo 
12/11/2000 O.OOB+oo O.OOB+oo O.OOB+oo O.OOB+oo 
SUM 4.72E+06 l.28E+o.1 -2.02E+06 -UOE+02 
AvenPe l.82E+OS 4.91E+01 -7.76E+04 -2.35E+Ol 
SD l.07E+06 1.90E+02 4.75E+05 t.44E+02 
PCB lue/day or ue/dav/fl 7/'}Jj/1999 1.878+-07 5.0SB+o3 -5.43B-10 -i.64B-13 
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Table E.1 Summary of Groundwater Samulin2 Analytical Results 
WellNo. Date MW-5 MW-17 MW-30 MW-29 MW-34 USEPAHAL USEPANRL USEPAMCL 
·::::::::•:.·::·. MONITORING WELLS .·.:::.·.·.···.· .............. ~-.·:.·.:::.·.·:.:.·.:::.·.:.: .· ..... ·.·.·.·.·.·.·.·.·.·:.·.·. 
pH;S.U. lfZtJ/99 6.66 6.58 6.12 6.06 
2/11/99 7.01 6.79 6.36 6.14 
3/lS/99 6.32 6.68 6.66 6.23 
4/8/99 7.01 6.39 6.39 4.90 
SIS/99 6.42 6.42 S.86 6.12 
S/12/99 NA NA NA NA 
S/20/99 NA NA NA NA 
5/26/99 NA NA NA NA 
6/7/99 6.58 6.74 6.20 6.14 
7/6/99 6.61 6.58 6.14 6.14 
7/26/99 6.54 6.76 6.19 6.04 
8/3-0/99 6.74 6.51 6.23 6.14 6.33 
9m199 · 7.38 7.39 6.48 6.49 6.74 
10/1/99 NA NA NA NA NA 
1on/99 NA NA NA NA NA 
10/lS/99 NA NA NA NA NA 
10/W99 7.12 7.14 6.35 6.46 6.42 
11/1SlfJ9 6.99 7.08 6.47 6.47 6.61 
12/13/99 6.73 6.14 6.39 6.14 6.50 
1/17/00 6.93 7.43 6.47 6.34 7.40 
2n/OO 7.95 7.54 6.80 6.19 7.75 
3/6/00 7.76 7.46 6.89 7.36 7.67 
4/3/00 7.23 7.42 6.43 6.37 6.61 
5/2/00 6.85 7.31 6.24 6.28 6.34 
S/8/00 NA NA NA NA NA 
S/lS/00 NA NA NA NA NA 
S/22100 NA NA NA NA NA 
S/31/00 6.91 7.24 6.12 6.11 6.28 
6126/00 6.90 7.23 6.37 6.41 6.33 
7/25/00 6.10 6.89 S.92 6.07 5.90 
8/'22/00 S.49 6.05 S.61 S.80 5.74 
9/19/00 6.46 6.13 6.14 5.82 5.87 
9/26/00 NA NA NA NA NA 
10/2/00 NA NA NA NA NA 
10/10/00 NA NA NA NA NA 
Analyzed by lab 10/17/00 7.1 7.4 6.4 6.4 6.6 
11/14/00 7.31 7.48 6.53 6.41 6.72 
12/11/00 7.15 7.39 6.31 6.49 6.5S 
Specific Condudan.ce; umhos/cm 1/20/99 683 748 1488 SS4 NE NE NE 
2/11/99 908 828 1538 590 
3/15/99 740 671 1478 588 ···~····""*•···  
4/8/99 760 740 1490 560 
SIS/99 766 809 1483 624 
S/12/99 NA NA NA NA ::·· ... ·:;;::• ·:; 
5/20/99 NA NA NA NA 
5/26/99 NA NA NA NA 
6/7/99 676 746 1516 626 
7/6/99 725 729 1468 628 
7126/99 727 73S 146S S90 
8/30/99 743 766 151S 628 635 
9m199 752 759 1499 637 621 
10/1/99 NA NA NA NA NA 
1on199 NA NA NA NA NA 
10/lS/99 NA NA NA NA NA 
10/26/99 707 757 1563 6S1 654 
ll/lS/99 722 760 1552 6SO 675 
12/13/99 716 760 1551 650 663 
1/17/00 707 760 1569 651 662 
2n/OO 694 768 1578 667 656 
3/6/00 705 757 1597 671 667 
4/3/00 730 762 1544 691 684 
5/2/00 749 759 1489 695 616 
S/8/00 NA NA NA NA NA 
S/lS/00 NA NA NA NA NA 
5/22/00 NA NA NA NA NA 
S/31/00 749 7Sl 1Sl3 684 663 
6121,/00 737 742 1Sl5 659 
7/25/00 860 1014 1769 796 865 
81'22100 765 757 1523 707 691 
9/19/00 73S 760 1556 708 698 
9/26100 NA NA NA NA NA 
10/2/00 NA NA NA NA NA 
10/10/00 NA NA NA NA NA 
10/17/00 737 763 1S66 702 684 
11/14/00 738 761 1587 710 670 
12/11/00 728 764 1607 713 690 
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Table E.1 Summary of Grol!ndwater Samplin2 Analytical Results ( continued) 
WellNo. Date MW-S MW-17 MW-30 MW-29 MW-34 USEPAHAL USEPANRL USEPAMCL 
········ ·•·•·•·····•·•·· 
Chanical Oxygen Demand; mglL 1/20199 <S.O <S.O 25 
2/11/99 <S.O <5.0 9.2 
31lSl99 6.2 10 11 
418199 <S.O <5.0 <S.O 
SIS/99 <S.O <S.O 11 
S/12199 NA NA NA 
S/20/99 NA NA NA 
S/26199 NA NA NA 
617199 17 <S.O 7.4 
116199 <S.O <S.O 11 
1/1UJ9 <S.O <S.O 8.3 
Sl.30/99 <S.O <S.O 9.4 <S.O 8.3 
9f1:1/99 <S.O <S.O 12 <S.O 5.7 
10/1/99 NA NA NA NA NA 
10/7/99 NA NA NA NA NA 
10/lS/99 NA NA NA NA NA 
10/26/99 <S.O <S.o 6.9 <S.O <S.O 
ll/lS/99 <S.O <S.O 7.8 <S.O <S.O 
12/13199 <S.O <S.O 13 <S.O 12 
1/17/00 <S.O <5.0 5.7 <S.O <5.0 
2/7/00 <S.O <S.O 8.3 <S.O <S.O 
316/00 <S.O <S.O 12 <S.O 1.5 
413100 <S.O <S.O 8.4 <S.O S.S 
S/2/00 <5.0 13 11 <5.0 8.3 
S/8/00 NA NA NA NA NA 
S/lS/00 NA NA NA NA NA 
SIZ2/00 NA NA NA NA NA 
S/31/00 <S.O 5.2 25 <5.0 <S.O 
6126100 <S.O 28 14 <5.0 9.2 
7/'25/00 5.1 <5.0 7.1 13 5.8 
8/Zl/00 <S.O <S.O 7.7 <S.O 5.6 
9/19/00 <S.O <S.O <S.O <S.O <5.0 
9126/00 NA NA NA NA NA 
10/2/00 NA NA NA NA NA 
10/10/00 NA NA NA NA NA 
10/17/00 <S.O . <5.0 5.1 <S.O <S.O 
11/14/00 <S.O <S.O 6.4 <S.O <S.O 
12/11/00 <S.O <S.O <S.O <5.0 <S.O 
Chloride; mg/L 1/20199 11 11 130 NE NE NE 
2/11/99 8.1 <S.O 120 
3115/99 8.6 <S.O 130 
418199 8.0 <S.O 120 
SIS/99 6.7 <S.O 120 
S/12199 NA NA NA 
S/20199 NA NA NA 
5/26199 NA NA NA 
611/99 9.9 <S.O 120 
116199 5.8 <5.0 120 
1126199 6.2 <5.0 120 42 ···,· •• · .. ...:...-
8130199 6.S <S.O 120 43 <S.O 
9f1:1/99 <5.0 <S.O 130 42 <5.0 
10/1/99 NA NA NA NA NA 
10nm NA NA NA NA NA 
10/lS/99 NA NA NA NA NA 
lon.09 <S.O <S.O 130 44 <S.O 
ll/lS/99 <S.O <5.0 140 44 5.2 
12/13/99 <5.0 <S.O 130 44 6.2 
1/17/00 4.1 2.8 150 43 6.2 
2/7/00 <S.O <S.O 142 45.6 7.1 
316100 <S.O <S.O 150 47 5.7 
4/'J/00 <S.O <5.0 125 46.6 5.8 
S/2100 <S.O <S.O 115 45.8 <5.0 
S/8/00 NA NA NA NA NA 
S/lS/00 NA NA NA NA NA 
SIZ2/00 NA NA NA NA NA 
S/31/00 5.6 <S.O 127 48.6 7.0 
6126/00 S.1 <S.O 130 42.3 <5.0 
7/2S/OO <5.0 <S.O 143 49.1 <S.O 
8/Zl/00 <5.0 <S.O 140 47.7 <5.0 
9/19/00 <5.0 <5.0 150 SO S.1 
9/26/00 NA NA NA NA NA 
10/2/00 NA NA NA NA NA 
10/10/00 NA NA NA NA NA 
10/17/00 <S.O <5.0 · 150 so 6.9 
11/14/00 <5.0 <5.0 161 45.6 5.9 
12/11/00 <5.0 6.6 167 45.2 7.4 
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Table E.1 Summary of Groundwater Sampling Analytical Results (continued) 
WellNo. Dale MW-5 MW-17 MW-30 MW-29 MW•34 USEPAHAL USEPANRL USEPAMCL 
Ammonia Nitrogen; mg/L 
418/99 <0.20 2.2 1.0 <0.20 :::::::1t~x···:· 
SIS/99 2.2 <0.20 1.1 
S/12/99 NA NA NA 
S/20/99 NA NA NA 
NA NA NA 
6fl/99 <0.20 2.7 <0.20 
7/6/99 <0.20 2.5 1.0 
7/U/99 <0.20 2.S 1.2 
8130/99 <0.20 2.3 0.84 <0.20 <0.20 
9/27/99 <0.20 2.5 0.82 <0.20 <0.20 
10/1/99 NA NA NA NA NA 
1on199 NA NA NA NA NA 
10/lS/99 NA NA NA NA NA 
10/'26/99 <0.20 2.5 1.0 <0.20 0.33 
ll/lS/99 <0.20 2.4 0.97 <0.20 0.34 
12/13/99 <0.20 2.3 0.90 <0.20 0.22 
1/17/00 0.31 2.6 1.1 <0.20 0.22 
2/7/00 0.39 2.60 1.07 <0.20 0.29 
3/6/00 <0.20 2.6 1.0 <0.20 0.33 
4/3/00 <0.20 2.65 1.20 <0.20 0.37 
S/2100 <0.20 2.70 1.11 <0.20 0.37 
S/8/00 NA NA NA NA NA 
S/15/00 NA NA NA NA NA 
5122/00 NA NA NA NA NA 
5/31/00 0.40 2.77 1.26 <0.20 0.46 
6/26100 0.31 3.00 1.34 0.24 0.57 
7/25/00 <0.20 2.56 1.05 <0.20 0.45 
8/22/00 <0.20 2.53 1.02 <0.20 0.37 
9/19/00 <0.20 2.54 1.04 <0.20 0.40 
9/26/00 NA NA NA NA NA 
10/2/00 NA NA NA NA NA 
10/10/00 NA NA NA NA NA 
10/17/00 <0.20 2.38 0.90 <0.20 0.32 
11/14/00 0.22 2.38 0.98 <0.20 0.36 
12/11/00 0.45 2.25 0.87 <0.20 0.24 
Iron: mglL 1/20/99 <0.10 0.79 23 NE NE NE 
2/11/99 <0.10 1.1 25 
3/lS/99 <0.10 1.1 24 
418199 <0.10 1.2 20 
S/S/99 <0.10 1.9 21 <0.10 '':;;;=·:·:·····-:,w. 
S/12/99 NA NA NA 
5/20/99 NA NA NA NA :::k:,;..m, 
S/26/99 NA NA NA NA ·:~f•::·····: 
6fl/99 <0.10 1.9 24 
7/6199 0.15 1.3 20 <o.10 .. D:w·n· 
7/26199 0.41 1.3 23 0.12 .. •.• .•. ..-... ·--· ••• 
8/30/99 <O. 10 1.7 20 <0.10 1.7 
9/27/99 <0.10 1.1 20 <0.10 1.9 
10/1/99 NA NA NA NA NA 
10/7/99 NA NA NA NA NA 
10/lS/99 NA NA NA NA NA 
10/'26/99 <0.10 0.98 24 0.19 1.8 
11/15199 <0.10 0..9S 23 <0.10 1.6 
12/13/99 <0.10 0.67 23 0.17 1.6 
1/17/00 <0.10 1.1 22 <0.10 1.1 
2/7/00 <0.10 0..93 22 <0.10 1.6 
3/6/00 <0.10 0.93 22 <0.10 2.0 
4/3/00 <0.10 0.92 21.6 <0.10 1.73 
S/2/00 <0.10 0..97 21 <0.10 2.1 
S/8/00 NA NA NA NA NA 
5/15/00 NA NA NA NA NA 
5122/00 NA NA NA NA NA 
5131/00 <0.10 1.2 21 <0.10 1.9 
6/26/00 <0.10 2.2 21 <0.10 2.0 
7/25/00 <0.10 l.S 23 <0.10 3.2 
8/22/00 <0.10 1.2 22 <0.10 1.6 
9/19/00 <0.10 1.0 21 <0.10 2.3 
9/26/00 NA NA NA NA NA 
10/2/00 NA NA NA NA NA 
10/10/00 NA NA NA NA NA 
10/17/00 <0.10 0.93 22 <0.10 2.4 
11/14/00 <0.10 1.0 24 <0.10 2.7 
12/11/00 <0.10 <0.10 16 <0.10 0.85 
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Table E.1 Summary of Groundwater Sampling Analytical Results ( continued) 
WellNo. DIie MW-S MW-17 MW-30 MW-29 MW-34 USEPAHAL USEPANRL USEPAMCL 
·:·:·:·:·:::·:·:·:·::::::: MONITORING W.ELLS 
Total Phenols; mg/L <0.020 <0.020 NE NE 
2/11/99 <0.020 <0.020 
3115199 <0.020 <0.020 
418/99 <0.020 <0.020 <0.020 
0
<0.020 .~: .>-·.:.· .. 
S/5199 <0.020 <0.020 <0.020 
5/12/99 NA NA NA 
NA NA NA 
NA NA NA NA v:•:•:,\ •. ,:\:: •.. 
611199 <0.020 <0.020 <0.020 <0.020 ;.,::::\:;:;:;:;\\:;:; 
7/6/99 <0.020 <0.020 <0.020 <0.020 ?:''':"'h*" · 
7nN99 <0.020 <0.020 <0.020 <0.020 ,m:~,,::::~ : 
<0.020 <0.020 <0.020 <0.020 <0.020 
9/Z1/99 <0.020 <0.020 <0.020 <0.020 <0.020 
10/1/99 NA NA NA NA NA 
10/7/99 NA NA NA NA NA 
10/15199 NA NA NA NA NA 
10126/99 <0.010 0.028 <0.010 0.019 <0.010 
11/15199 <0.020 <0.020 <0.020 <0.020 <0.020 
12/13/99 <0.020 <0.020 <0.020 <0.020 <0.020 
1/17/00 <0.20 <0.20 <0.020 <0.20 <0.020 
2/7/00 <0.020 0.021 <0.020 <0.020 <0.020 
316100 <0.020 <0.020 <0.020 <0.020 <0.020 
4/.3100 <0.020 <0.020 <0.020 <0.020 <0.020 
512/00 <0.020 <0.020 <0.020 <0.020 <0.020 
S/8/00 NA NA NA NA NA 
5/lS/00 NA NA NA NA NA 
5/22/00 NA NA NA NA NA 
5131/00 . <0.020 <0.020 <0.020 <0.020 <0.020 
6/26/00 <0.020 <0.020 <0.020 <0.020 <0.020 
7/2S/00 <0.020 <0.020 <0.020 <0.020 <0.020 
8/22/00 <0.020 <0.020 <0.020 <0.020 <0.020 
9/19/00 <0.020 <0.020 <0.020 <0.020 <0.020 
9/26/00 NA NA NA NA NA 
10/2/00 NA NA NA NA NA 
10/10/00 NA NA NA NA NA 
10/17/00 <0.020 <0.020 <0.020 <0.020 <0.020 
11/14/00 <0.020 <0.020 <0.020 <0.020 <0.020 
12/11/00 <0.020 <0.020 <0.020 <0.020 <0.020 
Total Organic Halogens; mg/L 1/20/99 <0.010 <0.010 0.109 0.130 w.;.--.• .:::-:,::: NE NE NE 
2/11/99 <0.010 <0.010 0.098 0.140 -:w:,-:w ......... 
3/15199 <0.010 <0.010 0.11S 0.13S ,:.M~:.:.::m:: 
4/8/99 <0.010 <0.010 0.118 0.133 ,b.:::,..;::: .. 
515199 <0.010 <0.010 0.110 0.140 \::::::::.:,,: \:: 
S/12/99 NA NA NA 
5/20/99 NA NA NA 
5/26/99 NA NA NA NA ... :w::..M:: 
6/7/99 <0.010 <0.010 0.106 0.1Sl ?:.""--.-".' . 
7/6199 <0.010 <0.010 0.101 0.144 :::.:::::::.:\ ·::::: 
7/26199 <0.010 <0.010 0.122 0.159 :::::::·:·:::::;:::·:::;:· 
8/30/99 0.011 0.013 0.107 0.138 <0.010 
9/Z1/99 <0.010 <0.010 0.097 0.]29 <0.010 
10/1/99 NA NA NA NA NA 
10/7/99 NA NA NA NA NA 
10/15199 NA NA NA NA NA 
10/26/99 <0.010 <0.010 0.103 0.134 <0.010 
11/15199 <0.010 <0.010 0.103 0.124 <0.010 
12/13/99 <0.010 0.1S2 0.109 <0.010 <0.010 
1/17/00 <0.010 <0.010 0.116 . 0.167 0.011 
2/7/00 <0.010 <0.010 0.122 0.173 <0.010 
316100 <0.010 <0.010 0.116 0.169 <0.010 
41.3100 <0.010 <0.010 0.08S 0.196 <0.010 
S/2/00 <0.010 <0.010 0.096 0.167 <0.010 
S/8/00 NA NA NA NA NA 
S/15/00 NA NA NA NA NA 
5/22/00 NA NA NA NA NA 
5131/00 <0.010 <0.010 0.110 0.178 <0.010 
6/26/00 <0.010 <0.010 0.099 0.141 <0.010 
7/2S/OO <0.010 <0.010 0.086 0.179 <0.010 
8/22/00 <0.010 <0.010 0.110 0.17S <0.010 
9/19/00 <0.010 <0.010 0.11S 0.173 <0.010 
9/26/00 NA NA NA NA NA 
10/2/00 NA NA NA NA NA 
10/10/00 NA NA NA NA NA 
10/17/00 <0.010 <0.010 0.107 0.17S <0.010 
11/14/00 <0.010 - <0.010 0.119 0.184 <0.010 
12/WOO <0.010 <0.010 0.125 0.181 <0.010 
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Table E.1 Summary of Groundwater Sampling Analytical Results (continued) 
WellNo. Dale MW-5 MW-17 MW-30 MW-29 MW-34 USEPAHAL USEPANRL USEPAMO. 
:.:.:::.:.:.:;:.:.:.:.:.:: MONITORING WBLLS 
NE 0.01 5 
0.82 <0.5 ~!::t.;.::~= ····-=·• 
1.0 0.62 
SIS/99 .•.• :;: :-.;.; ,.: '}. :q . .:;; .. 0.99 0.62 






<O.S <O.S <O.S <0.5 <0.5 
9frl/99 <O.S <O.S <0.5 <O.S <0.5 
10/1/99 NA NA NA NA NA 
NA NA NA NA NA 
10/1.5/99 NA NA NA NA NA 
10/26/99 <O.S <0.S 0.8S 0.54 <O.S 
11/15/99 <O.S <0.S <O.S 0.61 <0.5 
12/13/99 <0.5 <0.5 0.81 0.56 <0.5 
1/17/00 <0.5 <0.5 0.99 0.71 <O.S 
2/7/00 <0.5 <0.5 0.93 0.63 <0.5 
3/6/00 <0.5 <O.S 0.96 0.73 <0.5 
4/3/00 <0.5 <0.5 0.77 0.75 <0.5 
512/00 <O.S <0.5 0.72 0.62 <0.5 
S/8100 NA NA NA NA NA 
5/lS/00 NA NA NA NA NA 
S/22/00 NA NA NA NA NA 
5/31/00 <O.S <O.S 0.88 0.82 <0.5 
6/26/00 <0.5 <O.S 0.96 0.62 <0.5 
7/25/00 <0.5 <0.5 0.89 0.68 <0.5 
8/22100 <0.5 <0.5 0.77 0.70 <O.S 
9/19/00 <0.5 <0.S 0.80 0.75 <O.S 
9/26100 NA NA NA NA NA 
10/2/00 NA NA NA NA NA 
10/10/00 NA NA NA NA NA 
10/17/00 <0.5 <O.S 0.85 0.64 <0.5 
11/14/00 <0.5 <O.S 0.91 0.79 <0.5 
12/11/00 <O.S <O.S 1.1 0.9 <0.5 











8130/99 <0.4 <0.4 <0.4 <0.4 <0.4 
9frl/99 <0.4 <0.4 <0.4 <0.4 <0.4 
10/1/99 NA NA NA NA NA 
lon/99 NA NA NA NA NA 
10/1.5/99 . NA NA NA NA NA 
10/26/99 <0.4 · <0.4 <0.4 0.50 <0.4 
llllS/99 <0.4 <0.4 <0.4 0.60 <0.4 
12/13/99 <0.4 <0.4 <0.4 <0.4 <0.4 
1/17/00 <0.4 <0.4 <0.4 0.58 <0.4 
217100 <0.4 <0.4 <0.4 <0.4 <0.4 
3/6/00 <0.4 <0.4 <0.4 <0.4 <0.4 
4/3/00 <0.4 <0.4 <0.4 0.66 <0.4 
512100 <0.4 <0.4 <0.4 <0.4 <0.4 
S/8/00 NA NA NA NA NA 
S/15/00 NA NA NA NA NA 
NA NA NA NA NA 
5/31/00 <0.4 <0.4 <0.4 0.63 <0.4 
6/26/00 <0.4 <0.4 <0.4 <0.4 <0.4 
7125/00 <0.4 <0.4 <0.4 <0.4 <0.4 
8/22100 <0.4 <0.4 <0.4 0.68 <0.4 
9/19/00 <0.4 <0.4 <0.4 <0.4 <0.4 
9126100 NA NA NA NA NA 
10/2/00 NA NA NA NA NA 
10/10/00 NA NA NA NA NA 
10/17/00 <0.4 <0.4 <0.4 <0.4 <0.4 
11/14/00 <0.4 <0.4 <0.4 0.67 <0.4 
12/11/00 <0.4 <0.4 <0.4 0.7 <0.4 
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Table E.1 Summary of Groundwater Sampling Analytical Results ( continued) 
WellNo. Date MW-S · MW-17 MW-30 MW-29 I MW-34 USEPAHAL USEPANRL USEPAMCl. 
·:·:·:·:·:·:·:·:·:·:::.·: MONITORING WELLS :·:·.·:·:·:·:·:·:·:··:·:·:·:·:· :·:·:·:·.·:·:·:·:·:·:·:·:·:·:· ·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·: 
1,1-Dichloroelhene; ugiI. NE 
<2.0 ....... ..... 
8/30/99 <2.0 <2.0 <2.0 <2.0 <2.0 
<2.0 <2.0 <2.0 <2.0 <2.0 
10/1199 NA NA NA NA NA 
1onm NA NA NA NA NA 
10/15199 NA NA NA NA NA 
10/26/99 <2.0 <2.0 9.S <2.0 <2.0 
11115/99 <2.0 <2.0 <2.0 <2.0 <2.0 
12/13199 <2.0 <2.0 <2.0 <2.0 <2.0 
1/17/00 <2.0 <2.0 <2.0 <2.0 <2.0 
2/7/00 <2.0 <2.0 <2.0 <2.0 <2.0 
316100 <2.0 <2.0 <2.0 <2.0 <2.0 
413/00 <2.0 <2.0 <2.0 <2.0 <2.0 
5/2/00 <2.0 <2.0 <2.0 <2.0 <2.0 
518100 NA NA NA NA NA 
S/15100 NA NA NA NA NA 
stn/00 NA NA NA NA NA 
5/31/00 <2.0 <2.0 <2.0 <2.0 <2.0 
6121,/00 <2.0 <2.0 <2.0 <2.0 <2.0 
7/25/00 <2.0 <2.0 <2.0 <2.0 <2.0 
8122/00 <2.0 <2.0 <2.0 <2.0 <2.0 
9/J!)/00 <2.0 <2.0 <2.0 <2.0 <2.0 
9/26100 NA · NA NA NA NA 
10/2/00 NA NA NA NA NA 
10/10/00 NA NA NA NA NA 
10/17/00 <2.0 <2.0 <2.0 <2.0 <2.0 
11/14/00 <2.0 <2.0 <2.0 <2.0 <2.0 
12/11/00 <2.0 <2.0 <2.0 <2.0 <2.0 
Cis-1,2-dichloroethylene: ugiI. 70 NE 70 
2111199 b·w •.:·::::: .• :.:.:.:::::.:.:.:_.·.·~ 18.4 16.2 • .:··:.::. •• w " 
90.1,.:.%~· .. \,·) 
S/12/99 • .. ).m) ~; •.• • ......... , .• ·~····.. NA NA .;,:··,.. •.• ·~· 
NA J'}.:·· ( .·. 
5/26199 ·:::·· · ' ',.: .. .. :,, .• ,.•.·:x· NA NA p····.p:·.:: 
6/7/99 ;; ·. :.·.:.:.::,.:.:. ·:.:::.:;::;;::. 85.5 84.1 : :::~c · ··~•·•·•·• 
7/6199 . .......... . ..... . ·;: .' :• :.:··:: 84.8 79.6 " \ :"' :'"' 
7/26/99 ••• ; , •• ;:•:•,,·:.t··· .··,•,•,•,•,• ... • .. •.·. 81. l 65.S :.~: . .. . :,.:::: 
8f3-0/99 61.8 <l.0 <1.0 57.3 <1.0 
9/27/99 <1.0 <1.0 83.6 <1.0 
10/1/99 NA NA NA NA 
lOn/99 NA NA NA NA NA 
10/lS/99 NA NA NA NA NA 
10/26199 <1.0 <1.0 91.9 74.7 <1.0 
11/15/99 <1.0 <1.0 86.S 16.9 <1.0 
12/13199 <1.0 <1.0 87.4 81.4 <1.0 
1/17/00 <1.0 <1.0 9S.l 8S.9 <1.0 
2/7/00 <1.0 <1.0 112 110 <1.0 
3/6/00 <1.0 <1.0 114 102 <1.0 
4/3/00 <1.0 <1.0 . 101 116 <1.0 
5/2/00 <1.0 <1.0 83.0 101 <1.0 
S/8/00 NA NA NA NA NA 
SllS/00 NA NA NA NA NA 
5/22/00 NA NA NA NA NA 
5/31/00 <1.0 <1.0 88.4 110 <1.0 
6126100 <1.0 <1.0 91.8 109 <1.0 
7/25/00 <l.0 <1.0 92.0 111 <1.0 
8/22/00 <1.0 <1.0 84.6 100 <1.0 
9/J!)/00 <l.0 <1.0 94.3 103 <1.0 
9/26/00 NA NA NA NA NA 
10/2/00 NA NA NA NA NA 
10/10/00 NA NA NA NA NA 
10/17/00 <1.0 <1.0 91.3 90.6 <1.0 
11/14/00 <l.O <1.0 112 104 <1.0 
12/11/00 <1.0 <1.0 100 98.7 <1.0 
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Table E.1 Summary of Groundwater Samplin2 Analytical Results (continued) 
WellNo. Dale MW-5 MW-17 MW-30 MW-29 MW-34 USEPABAL USEPANRL USEPAMCL 
Trans-1,2-dichloroethylene; ug/L · 1/20/99 "'..'1'.'Y .. ·;:-.· •• -:,·.···. 1.1 <1.0 ::: ... ~:..::: ]:: 100 NE 100 
2/11/99 =~~~~~~~l:::•:::• :~:.·t~~•:::t~:::::: <1.0 <1.0 . ::::::)}?<"::• 
3/lS/99 .'~~~·· .~.; '.•!•'• • • •W? •.• ,, •. •'.· 2. 7 
418199'.· •.. :.·:A·.··~····::·w 4.0 
2.2 ··,r:-n·.··,, 
<1.0 <1.0 1.1 · <l.0 
9n:J/99 <1.0 <1.0 1.9 1.2 <1.0 
10/1/99 NA NA NA NA NA 
10/7/99 NA NA NA NA NA 
10/15/99 NA NA NA NA NA 
10/26199 <l.O <l.O 2.S l.S <l.0 
11/lS/99 <l.O <1.0 2.3 1.7 <1.0 
12/13199 <1.0 <l.O 2.1 1.6 <1.0 
1/17/00 <l.0 <1.0 2.9 1.9 <1.0 
2/7/00 <l.O <1.0 3.0 . 2.3 <l.O 
3/6/00 <l.O <l.0 3.0 2.0 <1.0 
4/3/00 <l.O <l.O 2.S 2.1 <1.0 
S/2/00 <1.0 <l.O 2.1 1.9 <1.0 
S/8100 NA NA NA NA NA 
Sl1SIOO NA NA NA NA NA 
S/Zl/00 NA NA NA NA NA 
S/31/00 <l.O <1.0 2.2 2.0 <l.O 
6/26/00 <1.0 <1.0 2.2 2.1 <l.0 
7/25/00 <l.O <1.0 2.S 2.2 <1.0 
8/22/00 <1.0 <1.0 3.4 14.5 <1.0 
9/19/00 <l.O <l.O 2.2 1.8 <l.0 
9/26/00 NA NA NA NA NA 
1012/00 NA NA NA NA NA 
10/10/00 NA NA NA NA NA 
10/17/00 <l.O <1.0 2.3 <l.O 
11/14/00 <l.O <1.0 3.1 <1.0 
<l.0 <1.0 12/11/00 3.3 2.6 <1.0 
Telr.lchloroethylene; ug/L 1/20/99 ·····~-·~·-····~-:.:.:. :.:::::.:::~······~-: 9. 7 13.4 ···:·:::·:;E NE 10 s 
2111m x::.:·:::.·.•·-.:·=~. :.:.·.·.·m.w--: 20.3 19.6 :;::.·p·····:::::Y 
9.7 :.::: ................... :: 
13.8 : : · :Z.}:..:.:::. 
NA : · :»' :::.~/ . 
S/26/99~::::::.:w.::.: \k,;;.::V:, NA 
10.2 .. ;.;' V .. \.•. 
13.5 .. fi<. (Yf;:: 
8/30199 <l.O <1.0 <l.0 8.2 <l.O 
9/21/99 <1.0 <1.0 <l.O 11.5 <LO 
10/1/99 NA NA NA NA NA 
10/7/99 NA NA NA NA NA 
10/1Sl99 NA NA NA NA NA 
10/26199 <l.0 <l.0 <1.0 13.7 <1.0 
11/lS/99 <1.0 <1.0 <1.0 12.0 <1.0 
12/13/99 <1.0 <1.0 <1.0 12.0 <1.0 
1/17/00 <l.0 <1.0 <1.0 18.0 <1.0 
2/7/00 <1.0 <1.0 <1.0 18.4 <1.0 
3/6/00 <1.0 <1.0 <1.0 18.6 <1.0 
4/3/00 <1.0 <1.0 <l.O 18.6 <l.O 
S/2/00 <1.0 <1.0 <1.0 15.4 <1.0 
S/8100 NA NA NA NA NA 
Sll.5100 NA NA NA NA NA 
Sl22/00 NA NA NA NA NA 
S/31/00 <1.0 <1.0 <1.0 15.8 <l.O 
6126/00 <1.0 <1.0 <1.0 19.8 <l.O 
7/25/00 <1.0 <1.0 <1.0 15.5 <1.0 
8/22/00 <1.0 <1.0 <1.0 18.9 <1.0 
9/19/00 <1.0 <1.0 <1.0 19.S <l.O 
9/26/00 NA NA NA NA NA 
10/2/00 NA NA NA NA NA 
10/10/00 NA NA NA NA NA 
10/17/00 <1.0 <1.0 <1.0 9.3 <l.O 
11/14/00 <l.O <1.0 <LO 18.0 <1.0 
12/11/00 <l.O <LO <1.0 23.6 <1.0 
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Table E.1 Summarv of Groundwater Samplin~ Analytical Results ( continued) 
WellNo. Om MW-5 MW-17 MW-30 MW-2!1 MW-34 USEPAHAL USEPANRL USEPAMCl 







5126199 ·::t::::?:N: · · .. ~: ··~ :: ·,: NA NA 
6.7 28.8 
116199 '•':?h.: ,-.... .-• :,; ... ;~ .. 8.6 33.1 ·-.,c.···.,·.-·· 
1126199 ·,;,:,:-:. :,,: •• • , ;.;.; ., .. • • • 6.4 23.1 
8130/99 <1.0 <1.0 4.9 22.4 <1.0 
9/27199 <1.0 <1.0 6.2 25.1 <1.0 
10/1199 NA NA NA NA NA 
NA NA NA NA NA 
10/15199 NA . NA NA NA NA 
10/26199 <1.0 <1.0 8.7 29.8 <1.0 
11/15/99 <1.0 <1.0 1.6 29.3 <1.0 
12/13/99 <1.0 <l.O 6.7 27.9 <1 .0 
1/17/00 <l.O <1.0 10.8 37.3 <1.0 
2/7/00 <1.0 <1.0 10.6 40.8 <1.0 
3/6/00 <1 .0 <1.0 9.6 41.3 <1.0 
4/3/00 <1.0 <1.0 8.4 43.7 <1.0 
512/00 <1.0 <1.0 7.3 36.9 <1 .0 
5/8100 NA NA NA NA NA 
5/15/00 NA NA NA NA NA 
5/22/00 NA NA NA NA NA 
5/31/00 <1.0 <1.0 7.9 39.1 <1.0 
6/26100 <1.0 <1.0 9.3 42.2 <1.0 
7/25/00 <1.0 <1.0 8.8 38.4 <1.0 
8/22/00 <1.0 <1:0 7.3 41 .8 <1.0 
9119100 <1.0 <1.0 7.2 40.2 <1.0 
9/26/00 NA NA NA NA NA 
10/2/00 NA NA NA NA NA 
10/10/00 NA NA NA NA NA 
10/17/00 <1.0 <1.0 6.7 27.8 <1.0 
11/14/00 <l.O <1.0 9.4 40.8 <l.O 
12/11/00 <1.0 <1.0 9.3 41.8 <1 .0 
Vmyl Chloride; u~ 1/20/99 -:~•::::. ............. %:-:~-. •• ...... .. 7.83 5.5 NE 
2/11/99 ·,::.::::;.:::.:: ·:;,:.:M.:.:::.: 3.3 3.4 
9.0 7.7 
4/8/99 • f.( ... :,. u: •!. ! ~!-u . r: 12.0 11.4 ' ..;:,('lt::J ' '' 
515199 :h .: . .::::: .. ,::... ::::: : :: 11.6 13.0 .;, .;.uu,!:,: 
5112/99 ·~·;:;: :::r· .. ==· .. =·.:: ... v: NA NA ·· .•. :~:K:N, 
NA NA 
NA NA ....... .... . 
8.1 9.8 .• .<-,.; :, -:,: 
8.6 10.5 i, ,;:"•,. ,j ...... 
7 /26/99 ::.-:••·•~~ .................... .• , .••• 6.9 5.1 
8/30/99 <0.3 <0.3 4.8 6.0 <0.3 
9/27/99 <0.3 <0.3 6.8 6.3 <0.3 
10/1/99 NA NA NA NA NA 
10/7/99 NA NA NA NA NA 
10/15/99 NA NA NA NA NA 
10/26199 <0.3 <0.3 9.5 8.0 <0.3 
11115199 <0.3 <0.3 8.6 9.5 <0.3 
12/13/99 <0.3 <0.3 8.0 10.1 <0.3 
1/17/00 <0.3 <0.3 10.3 12.0 <0.3 
2/7/00 <0.3 <0.3 10.9 13.4 <0.3 
3/6100 <0.3 <0.3 12.2 13.9 <0.3 
4/3/00 <0.3 <0.3 10.8 18.3 <0.3 
512/00 <0.3 <0.3 8.7 13.9 <0.3 
5/8100 NA NA NA NA NA 
5/15100 NA NA NA NA NA 
5/22/00 NA NA NA NA NA 
5/31/00 <0.3 <0.3 10.8 14.7 <0.3 
6/26/00 <0.3 <0.3 10.3 15.2 <0.3 
7/25/00 <0.3 <0.3 11.2 17.7 <0.3 
8/22/00 <0.3 <0.3 8.7 15.8 <0.3 
9/19100 <0.3 <0.3 9.4 14.2 <0.3 
9/26/00 NA NA NA NA NA 
10/2/00 NA NA NA NA NA 
10/10/00 NA NA NA NA NA 
10/17/00 <9.3 <0.3 8.6 12.0 <0.3 
11/14/00 <0.3 <0.3 11.3 15.8 <0.3 
12/11/00 <0.3 <0.3 11.5 16.7 <0.3 
Notes: :M~~@rn~~tlil;;;;~J~~;~1::: =::1:::~~~;,::~:.or;;:~m.period 
NB· Indicates limit Not Established 
<- lndicllel less than lhe labomoiy dmction limit 
u~ • Indicates microip,ms per lila', equivalent to pw per billion at low conccmntions 
mslL • lndicata milligrams per liter, equivalent to parts per million at low concentntions 
USEPA HAL · Indicalcl United Stata Envirormcntal Protection Agency Health Advi1oiy Level 
USEPA NRL • lndicalel United Slata Environnental Protection Agency Negligible Risk Level for Cwcinoaens 
USEPAMCL • lndicalcs United Sates Envirormcntal Protection Agency Maximum ContarniNotAnilablcnll..cYel 
NA• lndicalel lhat lhe paranetcr WU not measured. 
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APPENDIX F MONITORING WELL MW-29 MANN-KENDALL ANALYSIS 
Table F.1 M Kendall Analysis of MW-29 Pl 
Event 1 I Event 2 Event3 _Event4 Events Event6 Event? Event8 Event9 Event 10 Event 11 Event 12 Event 13 SwnRow.s 
pH(S.U.) 6.08 I 6.14 6.23 4.90 8.12 6.14 6.14 6.04 6.14 6.49 6.46 8.47 8.14 18 ; 
----+1 l l -1 l l l -1 l I l l l 8 
:: l -1 -1 -1 -1 -1 -1 1 1 1 -1 -3 
-1 -1 -1 -1 -1 •l l 1 1 -1 -4 . 1 1 1 1 1 1 1 l l 9 - I I -1 l I 1 1 1 6 
r -1 -1 -1 1 1 1 -1 -1 
::- -1 -1 1 1 l -1 0 - 1 l l 1 1 s - - l l l -1 2 . . -1 -1 -1 -3 
r 1 -1 0 
:: -1 -1 
8.34 I 8.79 7.36 6.37 6.28 8.11 8.41 6.07 5.80 5.82 6.4 8.41 6.49 28 -. 1 1 l -1 -1 1 -1 -1 -1 1 1 1 2 • I --· 1 1 1 -1 1 -1 -1 -1 1 l -1 1 • I - -1 -1 -1 -1 -1 -1 l l l -1 -4 - - l l 1 l I l l 1 l 9 - - 1 l -1 l 1 1 I 1 6 . . 
-1 -1 -1 1 1 l l 1 - - -1 -1 1 l 1 1 2 -. 1 l I 1 l s - 1 1 1 l 4 . . -1 -1 l -1 . I 1 2 
. 1 l N 
Event l I Event 2 Event3 Event4 Events Event6 Event? Event8 Event9 Event IO Event 11 Event 12 Eventl3 SwnRows 
Specific Conductance (umhos/crn) 554 I 590 588 560 624 626 828 590 828 637 651 650 850 56 
..... 
0 
~I 1 l 1 1 1 l l 1 l 1 l l 12 - -1 -1 1 1 1 ·1 1 1 1 1 1 s 
:: -1 1 l 1 1 1 1 1 1 1 8 
:: 1 1 1 1 1 1 1 1 1 9 
r 1 1 -1 1 1 1 l 1 6 
r 1 -1 1 1 1 l 1 s 
-1 -1 1 I 1 1 2 . 1 1 l 1 I s 
1 1 1 1 4 
I 1 1 3 
r -1 -1 -2 
-1 -1 
651 I 867 671 891 695 884 659 796 707 706 702 710 713 50 
----+1 1 1 1 1 1 1 1 1 1 1 I 1 12 
~1 l 1 1 1 -1 1 1 1 1 1 1 9 
::- l 1 1 -1 1 1 1 1 1 1 8 - l ·l -1 1 1 1 1 1 1 s - - -1 -1 1 1 1 1 1 1 4 . . -1 1 1 1 1 1 1 s 
r l 1 l l 1 1 6 . ·l -1 -1 -1 -1 -s 
:: 1 -1 1 1 2 . -1 1 1 1 . 1 l 2 . 1 1 
' I Event 1 I Event 2 Event3 Event4 Events Event6 Event? 
Chemical Oxygen Demand (mg/I.) I 2.5 I 2.5 2.5 2.5 2.5 6.1 2.5 




I 2.5 I 2.5 2.5 2.50 2.50 3 2.50 _., 
0 0 0 0 0 0 
• I 0 0 0 0 0 
0 0 0 0 
- 0 0 0 
0 0 - 0 - -
I Event 1 I Event 2 Event3 Event4 Events Event6 Event? 
Chloride (mg/I.) I 41 I 38 38 36 43 41 42 
--+I -1 -I -1 1 -1 I - -1 -1 1 1 1 :; -I 1 1 1 
1 1 1 - -1 -1 
:; 1 
r 
I 43 I 45.6 47 46.6 45.8 48.6 42.3 
-.1 1 I 1 l 1 -1 
r1 1 1 1 I -1 
:; -1 -1 I -1 - -1 1 -1 . - 1 -1 - -1 . -
Events Event9 Event 10 
2.5 2.5 2.5 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
-1 -1 -1 
0 0 0 
- 0 0 - 0 
r 
13 2.5 2.50 
1 0 0 
1 0 0 
1 0 0 
I 0 0 
I 0 0 
I 0 0 
1 0 0 
:; -1 -I 
:; 0 -
Events Event9 Event 10 
42 43 42 
1 1 I 
1 1 1 
1 1 1 
1 1 1 
-1 -1 -1 
I 1 I 
-1 1 -1 
:; 1 -1 
r -1 
:; 
48.1 47.7 50 
1 I I 
1 1 I 
1 1 1 
1 1 1 
1 1 1 
I -1 1 
1 1 I 
- -1 I - 1 -



































































































































































I Event 1 I Event 2 Event 3 Event4 Events Event6 Event? Events Event9 Event 10 Event 11 Event 12 Event 13 SUmRows 
Ammonia Nitrogen (mg/L) I 0.1 I 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0 
-----+1 0 0 0 0 0 0 0 0 0 0 0 0 0 - 0 0 0 0 0 0 0 0 0 0 0 0 -
;;. 0 0 0 0 0 0 0 0 0 0 0 
r 0 0 0 0 0 0 0 0 0 0 
r 0 0 0 0 0 0 0 0 0 - 0 0 0 0 0 0 0 0 
r 0 0 0 0 0 0 0 
r 0 0 0 0 0 0 
;;. 0 0 0 0 0 - 0 0 0 0 - 0 0 0 - - 0 0 
I 0.1 I 0.1 0.1 0.10 0.10 0.10 0.24 0.10 0.10 - 0.10 0.10 0.10 0.10 0 
-----+t 0 0 0 0 0 1 0 0 0 0 0 0 l. 
r I 0 0 0 0 1 0 0 0 0 0 0 1 
r 0 0 0 1 0 0 0 0 0 0 1 
;;. 0 0 1 0 0 0 0 0 0 1 
- 0 1 0 0 0 0 0 0 1 
r 1 0 0 0 0 0 0 1 
;;. -1 -1 -1 -1 -1 -1 -6 
;;. 0 0 0 0 0 0 - 0 0 0 0 0 
;;. 0 0 0 0 
- 0 0 0 - 0 0 N 
I Event 1 I Event 2 Event3 Event4 Events Event6 Event? Events Event9 Event 10 Event 11 Event 12 Event 13 Sum Rows 
lron(mg/L} I 0.05 I 0.05 0.05 0.05 0.05 0,20 0,05 0.12 0.05 0.05 0.19 0.05 0.17 18 -N 
-----+1 0 0 0 0 1 0 1 0 0 1 0 1 4 
- 0 0 0 1 0 1 0 0 1 0 1 4 - 0 0 1 0 1 0 0 1 0 1 4 - 0 1 0 1 0 0 1 0 1 4 - - 1 - 0 1 0 0 1 0 1 4 -- -1 -1 -1 -1 -1 -1 -1 -7 - 1 0 0 1 0 1 3 -
;;. -1 -1 1 -1 1 -1 
;;. 0 1 0 1 2 
;;. 1 0 1 2 
r -1 -l -2 
r 1 l 
I 0.05 I 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.1 0.1 0.1 0.05 0.1 -3 
-----+1 0 0 0 0 0 0 0 0 0 0 0 0 0 - 0 0 0 0 0 0 0 0 0 0 0 0 - I 
- 0 0 0 0 0 0 0 0 0 0 0 - 0 0 0 0 0 0 0 0 0 0 
r 0 0 0 0 0 0 0 0 0 
r 0 0 0 0 0 0 0 0 
;;. 0 0 0 0 0 0 0 - 0 0 - 0 0 0 0 
;;. 0 0 0 0 0 
;;. 0 0 0 0 - -1 -1 -2 -
- -1 -1 
I 
I Event l I Event 2 Event3 Event4 Events Event6 Event? Events Event9 Event 10 Eventll Eventl2 Event 13 Sum Rows 
Total Phenols (mg/L) I 0.01 I 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.019 0.01 0.01 8 
--..1 0 0 0 0 0 0 0 0 0 l 0 0 I - 0 0 0 0 0 . 0 0 0 I 0 0 l 
::: 0 0 0 0 0 0 0 I 0 0 l 
:; 0 0 0 0 0 0 1 0 0 l 
:; 0 0 0 0 0 l 0 0 l 
- 0 0 0 0 I 0 0 l - 0 0 0 I 0 0 1 ::: 0 0 l 0 0 1 - 0 l 0 0 I - 1 0 0 I . - -1 -1 -2 . . 0 0 
I 0.1 I 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 -12 
-----.1 -1 -r -1 -1 -1 ·l -1 -1 -I -1 ·1 ·l -12 -• I 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 
::: 0 0 0 0 0 0 0 0 0 0 - 0 0 0 0 0 0 0 0 0 - 0 0 0 0 0 0 0 0 - 0 0 0 . 0 0 0 0 . 0 0 0 0 0 0 - 0 0 0 0 0 . 
. 0 0 0 0 - 0 0 0 . 0 0 
I Event 1 I Event 2 Event3 Event4 Events Event6 Event? Events Event9 Event 10 Event 11 Event 12 Event 13 Sum Rows N ..... 
Total Organic Halogens (mg/L) I 0.130 I 0.140 0.135 0.133 0.140 0.151 0.144 0.159 0.138 0.129 0.134 0.124 0.005 -20 w ____,., 
1 I 1 1 1 1 l 1 -1 1 ·1 •l 6 
::: -1 -1 -1 l l l -1 -1 •l •l -1 -5 
- -I l l l l 1 -I -1 ·l -1 0 - l l l l 1 -1 1 •l -1 3 ::: l I l -1 •l -1 •l •l -2 
::: -1 l -1 -1 -1 ·l •l -5 
::: 1 -1 -1 -1 -1 ·l .4 - -1 -1 . -1 -1 -1 -5 
- -1 -1 -1 -1 .4 - l -1 -1 -1 - ·l -1 ·2 - .J -1 . 
I o.1s1 I o.173 0.169 0.198 0.187 0.178 0.141 0.179 0.175 0.173 0.175 0.184 0.181 22 __.., 1 1 1 ·l 1 -1 1 1 1 1 1 1 s 
. -1 1 -1 1 -1 1 1 •l l 1 1 3 -. l •l l ·l l J 1 1 1 l 6 - -1 -1 -1 -1 · . -1 -1 -1 -1 -1 -9 
;. I -1 l 1 l 1 l l 6 - -1 . l -1 -1 •l I l -1 - l . l 1 I l l 6 
. -1 ·I -1 1 1 •l . -1 -1 1 l 0 . l. I 1 3 -. I I 2 - .) -1 
I Event 1 I Event 2 Event3 Event4 Event5 Event6 Event 7 Events Event9 Event 10 Eventll Event 12 Event 13 Sum Rows 
Benz.ene (µg!L) I 0.25 I 0.25 0.25 0.62 0.62 0.54 0.56 0,25 0.25 0.25 0.54 0.61 0,58 12 __., 
0 0 1 1 1 1 0 0 0 I I 1 7 - 0 I I 1 1 0 0 0 1 I l 7 - - l 1 1 1 0 0 . 0 l 1 1 7 - - 0 -1 -1 -1 -1 -1 -1 -1 -1 -8 -
- -I ·I -1 -1 •l -1 -1 -1 .g 
- 1 -1 -1 •l 0 1 1 0 - -1 •l -I -1 1 0 .3 - 0 0 1 I I 3 - 0 I I I 3 ;. 1 1 1 3 
;. l I 2 - .J -1 
I 0.71 I 0.63 0.73 0.75 0.62 0.82 0.62 0.68 0.70 0.75 0.64 0,79 0.9 22 
--.1 -1 l· 1 -1 1 -I -1 -1 1 -1 1 1 0 
- I 1 1 -1 1 ·l 1 1 1 1 1 I 7 
- 1 -1 1 -1 ·I -1 1 •l I 1 0 - ·l - 1 -1 -1 ·l 0 ·I I I -2 . 
1 0 1 1 - I 1 1 I 7 ;:. -1 ·1 ·1 ·l ·l -1 1 -5 
;:. I 1 1 1 1 1 6 . 
1 - l· ·l l l 3 - 1 ·I l l 2 - -1 l l 1 - - l 1 2 - - 1 l N 
I Event 1 I Event 2 Event3 Event4 Event5 Event6 Event? Events Event9 Event 10 Eventll Event12 Event 13 Sum Rows 
1,2-Dichloroethane (µg/L) I 0.2 I 0.2 0.2 0.46 0.82 0.82 0.49 0.2 0.2 0.2 0.50 0.60 0.2 8 
....... 
.J::,. 
---.1 0 0 I 1 I I 0 0 0 I 1 0 6 . 0 I 1 1 I 0 0 0 1 I 0 6 -
;:. 1 I 1 1 0 0 0 1 I 0 6 - 1 1 1 -1 -1 -1 1 1 -1 1 
0 -1 ·I -1 -1 -1 -1 -1 -7 
::: -1 -1 -1 -1 -1 -1 -1 -7 
:: -1 -1 -1 1 1 -1 -2 
;:. 0 0 1 1 0 2 - 0 1 1 0 2 ;:. 1 1 0 2 
;:. 1 ·l 0 
- -1 -1 
I 0.58 I 0.2 0.2 0.68 0.2 0.83 0.20 0.20 0.68 0.20 0.20 0.87 0,7 17 
---.1 -1 -1 l -1 1 .J -1 1 -1 -1 1 1 -2 ~, 0 1 0 1 0 0 1 .o 0 1 I 5 - 1 0 1 0 0 1 0 0 I 1 5 
:::- ·l -1 -I ·I 1 -1 ·I I I .3 
;:. I 0 0 1 0 0 1 I 4 . - -1 •l 1 •l -1 1 1 -1 - 0 1 0 0 1 1 3 - 1 0 0 1 1 3 - ·l •l -1 1 -2 - 0 1 1 2 . - I 1 2 - 1 I 
I Event 1 I Event 2 Bvent3 Event 4 Events Event6 Event? 
l,l-Diohloroelhene (µg/L) I 1 I 1 1 1 1 1 1 
--+I 0 0 0 0 0 0 
r 0 0 0 0 0 
r 0 0 0 0 . - 0 0 0 
r 0 0 
- 0 . . 
I 1 I 1 1 1 1 1.00 1.00 
--+1 0 0 0 0 0 0 . 
0 0 0 0 0 . . 0 0 0 0 . . 
0 0 0 . 
0 0 . . 
0 . . . 
I Event 1 I Event 2 Event3 Event4 Events Event6 Event? 
Cis-1,2-dichloroelhylene (pg/L) I 19.7 I 18.2 68.8 81.5 90.1 84.1 79.6 
--+1 ·l 1 1 1 l 1 
- l l l l l - 1 1 1 l 
:;: 1 1 -1 
:: -1 -1 . 
-1 - . . 
I 85.9 I 110 102 116 101 110 109 _., 
l l l 1 l I 
-1 -l l -1 0 -1 
- l -1 l 1 . -1 -1 -1 - 1 1 - . -1 
. 
Events Event9 Event 10 
1 1 1 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 . 0 0 . . 
0 . . 
1.00 1.00 1.00 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 . 0 0 . . - 0 
r 
Events Event9 Event 10 
65.5 57.3 83.8 
l 1 1 
l 1 1 
-1 -1 1 
-1 -1 1 
-1 -1 -1 
-1 -1 -1 
-1 -1 1 . 
-1 1 - - 1 
r 
111 100 103 
l 1 1 
l -1 -1 
l -1 l 
-1 -1 -1 
l -1 l 
I -1 -1 
1 -1 -1 - -1 -1 
:;: I 
:;: 

































































































































































I Event 1 I Event 2 Event3 Event4 Events Event6 Event? EventB Event9 Event 10 Eventll Event 12 Event 13 SUmRows 
Trans-1,2-dichloroethylene (µg/L) I 0.5 I 0.5 1.5 2.6 2.2 1.9 1.9 1.2 1.1 1.2 1.5 1.7 1.6 2 ___,., -1 1 1 1 1 1 1 1 1 1 I 1 JO 
. 1 I 1 1 I 1 I 1 I 1 I II 
: I 1 1 I -1 -1 -1 -1 1 1 2 . 
-1 -1 -1 .J - -1 -1 -1 -1 -1 -9 
. -1 -1 -1 -1 -1 -1 -1 -1 -8 
r -1 -1 -1 -1 -1 -1 -1 -7 . . -1 -1 -1 -1 -1 -1 -6 
r -1 -1 1 1 1 1 .. 1 1 I 1 4 . 1 I 1 3 
r 1 I 2 
- -1 -1 
I 1.9 I 2.3 2.0 2.1 1.9 2.0 2.1 2.2 14.5 1.8 2.3 3.1 2.6 26 ___,., 
l 1 1 -1 1 1 1 I -1 1 I 1 8 
• I -1 -1 -1 -1 .J -1 1 -1 -1 1 I -5 
. I .) -1 1 1 I -1 l 1 1 4 
. -1 -1 -1 1 1 .J 1 1 1 1 
1 1 I I -1 1 1 1 6 . I 1 1 .) 1 1 1 s 
r 1 1 .) I 1 I 4 
r I -1 I 1 1 3 
- -1 -1 -1 -1 -4 
.,. 1 l 1 3 
:. l 1 2 
. -1 -1 
I Event l I Event 2 Event3 Event4 Event 5 Event6 Event? Events Event9 Event 10 Event 11 Event 12 Event 13 Sum Rows 
N -°' Tetrachloroethylene (µg/L) I 13.4 I 19.6 9.7 21.1 13.8 10.2 13.5 9.1 8,2 11.5 13.7 12.0 12.0 -15 --., l -1 1 1 -1 l -1 -1 ·l 1 -1 -1 -2 . -1 1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -9 . 
:. 1 1 1 l -1 -1 .1 . l 1 1 6 . 
-1 -1 -1 -1 -1 -1 -1 -1 -1 -9 . -I -1 -1 -1 -1 -1 -1 -1 -8 . 
.,. 1 -1 -1 1 1 1 1 3 . -1 -1 -1 l -1 -1. -4 . -1 l 1 l 1 3 . 
l 1 l 1 4 . . 
l . 1 1 3 . 
-1 . -1 -2 . 0 0 
I 18.0 I 18.4 18.6 18.6 15.4 15.8 19.8 15.5 18.9 19.5 9.3 18.0 23.6 12 
--.1 1 l I -1 -1 l .J l 1 -1 0 l 3 .. l l -1 -1 I -1 l 1 -1 -1 l l 
: 0 -1 -1 1 .J 1 1 -1 -1 I -1 - -1 -1 1 .) l l -1 -1 1 -1 - 1 1 I 1 l .J I 1 6 . 
r I .J 1 1 -1 1 1 3 
.,. .J -1 -1 -1 -1 1 -4 . 1 1 .) 1 1 3 -- 1 -1 .) 1 0 . -1 -1 1 .J 
. I l 2 . l I 
- ' I Event 1 I Event 2 Event3 Event4 Events Event6 Event? Event8 Event9 Event 10 Event 11 Event 12 Event 13 Sum Rows· 
nichloroetltylene (µg/L) I 10.2 I 10.2 24.1 40.1 35.2 28.8 33.1 23.1 22.4 25.1 29.8 29.3 27.9 10 _...,, 
-1 1 1 1 1 l 1 1 1 1 1 1 10 
- 1 1 1 1 1 1 I 1 1 1 1 11 
- 1 1 1 1 ·1 -1 1 1 1 1 6 . -1 •l •l ·I •l •l -1 -1 -1 .9 - . 
·I ·I -1 -1 -1 -) -1 -1 -8 - . . 1 -1 -1 -1 I 1 ·l -1 
:: -1 .) -1 -1 -1 .) -6 . -1 l l I 1 3 
- l l 1 l 4 :: 1 1 l 3 . 
-1 -1 -2 . . -1 -1 . 
I 37.3 I 40.8 41.3 43.7 36.9 39.1 42.2 38.4 41.8 40.2. 27.8 40.8 41.8 2 
--t,,,f I 1 I -1 l l l l I .J 1 l 8 
• I l 1 -1 .J 1 ·l 1 ·1 ·1 •l 1 •l 
- l -1 -1 1 -1 1 ·1 -1 •l 1 -2 
-!' -1 ·1 ·l -1 •l -1 .J •I -I -9 
- 1 l I 1 1 -1 1 1 6 . 
1 ·l 1 1 ·l 1 1 3 . . •l -1 -1 -1 -1 -1 -6 
:: 1 1 -1 1 1 3 
:.. -1 -1 -1 -1 -4 
:. -1 l 1 1 . 
l 1 2 . 
. 1 1 N 
I Event 1 I Event 2 Event3 Event4 Events Event6 Event? Events Event9 Event IO Event 11 Event 12 Event 13 Sum Rows 
Vinyl Cltloride (µg/L) I 5.5 I 3.4 7.7 11.4 13.0 9.8 10.5 5.1 8.0 8.3 8.0 8.5 10.1 10 
..... 
-..J 
----+1 -1 l 1 1 1 1 1 1 1 1 l 1 10 
. 1 1 1 1 I I I 1 1 1 1 11 
- 1 1 1 1 ·1 -1 1 1 1 l 6 
-1 -1 -1 -1 -1 -1 -1 -1 -1 -9 
- -1 ·l -1 -1 -1 -1 -1 -1 -8 .. 1 -1 -1 -1 1 l -1 -1 
: -1 •l -1 -1 -1 -1 -6 . . -1 1 1 1 I 3 . l 1 1 1 4 . 
l - 1 1 3 - -1 -1 -2 
r -1 -1 
I 12.0 I 13.4 13.9 18.3 13.9 14.7 15.2 17.7 15.8 14.2 12.0 15.8 16.7 24 
--t,,,I 1 1 1 1 1 1 1 1 l -1 1 1 10 . 1 I l l 1 1 l l -1 l 1 9 - I . 1 -1 1 l l 1 l -1 1 1 6 - . 
·1 ·1 -1 -1 . -1 -1 -1 -1 -1 -9 
- 1 1 l 1 l -1 1 l 6 
r l l l -1 -1 1 1 3 
:. 1 1 -1 -1 1 1 2 
:. -1 -1 •l -1 -1 -5 
:. -1 -1 -1 I -2 
:. -1 I I 1 - I 1 2 - I 1 
218 
APPENDIX G MONITORING WELL MW-30 MANN-KENDALL ANALYSIS 
Table G.1 M Kendall A fMW-30Pl 
Event 1 I Event 2 Event3 Event4 Events Event6 Event7 Events Event 9 Event 10 Event 11 Event 12 Event 13 Sum Rows 
pH (S.U.) 6.12 I 6.36 6.66 6.39 5.86 6.20 6.14 6.19 6.23 6.48 6.35 6.47 6.39 18 
• I l 1 1 ·l 1 1 1 1 1 1 1 1 10 -. 1 1 -1 .) •l -1 -1 1 -1 1 1 -1 . •l •l ·1 •l •l -1 -1 -1 -1 -1 -10 
-1 -1 -1 -1 -1 1 •l 1 ·l -S -. 1 1 1 1 1 1 1 1 8 . -1 -1 1 1 1 1 1 3 
... 1 1 1 1 1 1 6 -- 1 1 1 1 1 s - 1 1 1 1 4 
-1 -1 ·1 -3 
l l 2 
... •l •l 
6.47 I 6.80 6.89 6.43 6.24 6.12 6.37 5.92 5.67 6.14 6.4 6.53 6.31 0 -• I 1 1 -1 •l •l -1 -1 -1 -1 -1 1 •l -6 
..-1 1 1 -1 -1 1 -1 -1 -1 l 1 -1 •l - -1 •l -1 -1 -1 -1 ·l -1 ·l ·1 ·10 - -1 ·l -1 -1 ·l 1 -1 1 ·l ·S 
... 1 1 1 1 1 1 1 1 8 .. -1 -1 1 1 1 1 1 3 
1 1 1 1 1 -1 4 -- 1 1 1 1 1 s 
.... 1 1 1 1 4 -. •l -1 1 -1 
... 1 ,1 0 - •l -1 . 
Event 1 I Event 2 Event3 Event4 Events Event6 Evcnt7 Events Event9 Event 10 Event 11 Event12 Event 13 Sum Rows N ..... 
Specific Conductance (wnhos/cm) 1488 I 1538 1478 1490 1483 1516 1468 1465 1515 1499 1563 1552 1551 22 \0 -• I 1 -1 1 -1 1 -1 -1 1 1 1 1 1 4 . •l -1 -1 •l -1 -1 -1 -1 1 1 1 .5 
1 1 1 -1 •l 1 1 1 1 1 6 - ·1 1 -1 -1 1 l 1 1 1 3 
... 1 -1 -1 1 1 1 I 1 4 -. -1 -1 -1 -1 1 1 1 -1 - -1 1 1 1 1 1 4 - 1 1 1 I 1 5 . ... -1 1 1 1 2 -- 1 1 1 3 
•l -1 ·2 -. ·l ·1 
1569 I 1578 1597 1544 1489 1513 1515 1769 1523 1556 1566 1587 1607 Hi 
- I 1 1 -1 ·1 -1 -1 1 -1 ·l ·l 1 1 -2 --· 1 -1 -1 -1 -1 1 -1 -1 -1 l 1 -3 -. -1 -1 -1 -1 1 -1 -1 -1 -1 1 -6 . -1 ·1 ·l 1 -1 1 1 I 1 1 
... 1 I l 1 1 1 1 1 8 
1 1 1 1 1 l 1 7 - 1 . 1 1 1 1 1 6 
... -1 ·1 -1 ·1 •l -5 
1 I I 1 4 -. 1 I 1 3 
... 1 1 2 
1 1 
Table G.1 Mann-Kendall Analysis of MW-30 Plume (continued 
I Event I I Event 2 Event3 Event4 Events Event6 Event? Events 
Chemical Oxygen Demand (mg/L) I ZS I 9.2 11 1.5 11 7.4 11 8.3 
~I -1 •I -1 •I -I -I -I -- 1 -1 I .J I -1 .. -1 -I -1 -I •l -- I l 1 1 -- -1 -1 ·l .. l l -- -1 ::: 
I 5.7 I 8.3 11 8.4 11 15 14 7.1 
~I l l l l l l 1 .. l 1 1 1 1 -1 
L .. -1 -1 1 l -1 
::: l 1 l -1 .. l 1 -1 
::: -1 -1 
::: -1 .. 
I Event 1 I Event 2 Event3 Event4 Events Event6 Event7 Events 
Chloride (mg/L) I 130 I 110 130 110 110 120 120 110 
~I -1 -1 -1 -1 -1 -1 -1 
L 
r l -1 -1 -1 -1 -1 .. -1 -1 .J -1 -1 
::: -1 -1 -1 -1 .. .J -1 -1 
::: -1 -1 
r ·l .. 
I 150 I 141 150 115 115 127 130 143 
~I -1 •l -1 -1 -1 -1 ·1 ... 1 -1 -1 ·I -1 1 
::: -1 ·l -1 -1 -1 -- -1 1 1 l 
::: 1 1 1 .. l 1 
::: 1 
r 
Event9 Event 10 Event 11 
9.4 11 u 
•I -1 -1 
1 l -1 
-1 1 -1 
1 1 l 
·l l -1 
1 l -1 
-1 l -1 
1 1 ·l .. 1 ·l -- -1 ::: 
7.7 2.50 5.1 
1 ·l -1 
-I -1 -1 
-1 -1 -1 
·l -1 ·l 
-1 ·l -1 
.) -1 -1 
-1 -1 -1 
1 -1 -1 
L - -1 -1 .. 1 
::: 
Event9 Event 10 Event 11 
110 130 130 
·1 -1 -1 
-1 I 1 
-1 -1 -1 
-1 1 1 
-1 1 1 
-1 1 1 
-1 1 1 
-1 1 1 
::: 1 1 .. -1 
r 
140 150 150 
-1 -1 -1 
-1 l l 
-1 -1 -1 
1 l 1 
1 1 1 
1 1 1 
1 1 1 
-1 1 1 
::: 1 l • -1 -r 

























l -1 .. -1 





















































































Table G.1 Mann-Kendall Analvsis of MW-30 Plume (continued 
I Event 1 I Event 2 Event3 Event4 Event5 Event6 Event 7 
Ammonia Nitrogen (mg/L) I 1.0 I 1.3 1.3 1.0 1.1 0.1 1.0 
-.1 1 1 ·l 1 ·l -1 .. -1 ·l ·l -1 -1 .. ·l -1 -1 -1 . . 1 -1 -1 
= .. -1 ·l . 1 .. 
I 1.1 I 1.07 1.0 1.20 1.11 1.26 1.34 
-.1 ·1 -1 1 1 1 1 -~· .. -1 1 1 1 1 
1 1 1 1 
... •l 1 1 .. 1 1 
;: 1 . .. 
I Event 1 I Event 2 Event 3 Event4 Events Event6 Event? 
lron(m!¥'L) I 23 I 25 24 20 21 24 20 _., 
1 1 ·l ·l 1 •l 
;: -1 -1 ·l -1 ·l 
-;. ·l -1 ·l -1 = .. 1 1 -1 .. 1 ·l . 
-1 . .. 
I 22 I 22 22 21.6 21 21 21 ... -1 ·l -1 .} -1 -1 .. ·l ·l -1 -1 ·l . •l -1 -1 -1 . -1 -1 -1 . .. -1 -1 
;: .J . . 
Events Event9 Event 10 
1.2 0.84 0.82 
1 ·l -1 
•l -1 -1 
-1 -1 -1 
1 -1 -1 
1 ·l -1 
1 1 1 
1 -1 -1 
;: -1 -1 .. -1 .. 
1.05 1.02 1.04 
-1 -1 -1 
-1 -1 -1 
1 1 1 
·l -1 -1 
-1 -1 -1 
-1 -1 -1 
-1 ·1 -1 .. -1 -1 .. 1 
;: 
Event8 Event9 Event IO 
23 20 20 
-1 -1 -1 
-1 -1 -1 
-1 -1 •l 
1 ·l -1 
1 ·l -1 
·l -1 -1 
1 ·l -1 .. ·l •l 
... -1 . .. 
23 22 21 
1 ·l ·l 
1 -1 •l 
1 -1 -1 
1 1 -1 
1 1 ·l 
1 1 -1 
l 1 -1 .. -1 -1 . .. -1 .. 






















-1 -1 . .. 1 .. 








































































































































Table G.1 Mann-Kendall Analvsis of MW-30 Plume (continued 
I Event I I Event 2 Event3 Event4 Events Event6 Event7 
Total Phenols (mg/L) I 0.01 I 0.01 0.01 0.01 0.01 0.01 0.01 
----.1 0 0 0 0 () 0 
... 0 0 0 0 0 . . 0 0 0 0 . 0 0 0 
... 0 0 -.. 0 .. 
I 0.01 I 0.01 0.01 0.01 0.01 0.01 0.01 
----.1 0 0 0 0 0 0 
--..., 0 0 0 () 0 
... 0 0 0 0 
0 0 0 
;;. 0 0 . 0 
;: 
I Event 1 I Event 2 Event3 Event4 Events Event6 Event7 
Total Organic .Halogens (mg/L) I 0.109 I 0.098 0.115 0.118 0.110 0.106 0.101 
----.1 -1 1 1 1 -1 -1 
·y 1 1 1 1 1 
:;: 1 -1 -1 -1 .. -1 -1 -1 .. -1 -1 
;: -1 .. 
I 0.116 I 0.121 0.116 0.085 0.096 0.110 0.099 
----.1 1 -1 -1 -1 -1 -1 -., -1 -I -1 -1 - -1 . -1 -1 -1 -1 . . I 1 I .. 1 I .. -1 
;: 
Events Event 9 Event 10 
0.01 0.01 0.01 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 .. 0 0 
;: 0 .. 
0.01 0.01 0.01 
0 0 0 
0 0 .0 
0 0 0 
0 0 0 
0 0 0 
0 0 .0 
0 0 0 . .. 0 0 
... 0 
;;. 
Events Event9 Event 10 
0.121 0,107 0.097 
1 -I -1 
1 1 -1 
1 -1 -1 
1 -I -1 
1 -1 -1 
1 1 -1 
l 1 -1 
... -1 -1 - -1 . . . 
0.086 0.110 0.115 
-1 -1 -1 
-1 -1 -I 
-1 -1 -I 
1 1 1 
-1 1 1 
-1 -1 1 
-1 l I . . I 1 .. I 
;: 
























0 0 -. 0 
;;. 







































































































































Table G.1 Mann-Kendall Analvsis of MW-30 Plume (continued 
I Event I I Event 2 Event3 Event4 Events Event6 Event 7 
Benzene (J.Lg/L) I 0.74 I 0.63 0.82 1.0 0.99 0.80 0.90 
----..1 -1 1 1 I 1 I 
;;: 1 1 1 1 1 
;;: 1 1 -1 1 
r -1 .) .) -- -1 -1 ;.. 1 
r 
I 0.99 I 0.93 0.96 0.77 0,72 o.88 0.96 
----..1 -1 -1 -1 -1 -1 -1 
- I l •l -1 -1 1 
r ·l ·l ·1 ·1 
;;: 1 1 I - 1 1 - ;.. ·1 
;;: 
I Event 1 I Event 2 Event3 Event4 Event5 Event6 Event7 
1,2-Dichloroethane (Jig.IL) I 0.4 I 0.2 0.2 0.2 0.2 0,2 0.2 
----..1 .J -1 -1 ·1 •l .J 
... 0 0 0 0 0 
;.. 0 0 0 0 
r 0 0 0 
r 0 0 
;.. 0 
-
I 0.2 I 0.2 0.2 0.2 0.20 0.2 0.20 
----..1 0 0 0 0 0 0 - 0 0 0 ·o 0 r I -- 0 0 0 0 
r 0 0 0 
r 0 0 
;;: 0 
... 
Event& Event9 Event 10 
0.67 0.25 0.25 
-1 -1 -1 
1 -1 ·l 
·l -1 -1 
·l -1 •l 
-1 -1 -1 
-1 -1 -1 
-I -1 -1 ... •l -1 
... -1 -
0.89 0.77 0.80 
-1 •l -1 
-1 •l -1 
•l ·l •I 
1 1 1 
-1 1 1 
·I ·I 1 
-1 I 1 -- 1 1 -r 1 
-
Events Event9 Event 10 
0,2 0.2 0.2 
-I ·l -1 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
r 0 0 
- 0 ;;: 
0,20 0.20 0,20 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 -... 0 0 
;.. 0 -... 




































































































































































Table G.1 Mann-Kendall Analysis of MW-30 Plume (continued 
I Event 1 I Event 2 Event3 Event4 Events Event6 Event 7 
1,1-Dichloroethene (µg/L) I 1 I 1 1 1 1 1 1 
----+1 0 0 0 0 0 0 
r 0 0 0 0 0 
0 0 0 0 - 0 0 0 -
. 0 0 
;. 0 .. 
I 1 I 1 1 1 1.00 1.00 1.00 
----+1 0 0 0 0 0 0 
• I 0 0 0 0 0 
0 0 0 0 . 
0 0 0 . 
r 0 0 . .. 0 
;. 
I Event 1 I Event 2 Event3 Event4 Event S Event6 Event7 
Cis·l,2-dichloroethylene (µwl.) I 47.4 I 18.4 84.0 95.2 95.3 85.5 84.8 
----+1 -1 1 1 1 1 I 
. I l 1 1 1 
1 1 1 1 . 
1 . -1 -1 
a -1 -1 . 
-1 . . 
I 9S.1 I 112 114 101 83.0 88.4 91.8 
----+1 l l l -1 -1 ·l 
• I 1 -1 -1 -1 -1 
-1 -1 -1 -1 - -1 -1 -1 - I 1 . 
;.. 1 
., 
Events Event9 Event 10 
1 1 1 
0 0 o· 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
., 0 0 
;. 0 
;. 
1.00 1.00 1.00 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
;. 0 0 
., 0 . . 
Events Event 9 Event 10 
81.1 61.8 92.5 
1 l I 
1 1 1 
-1 -1 I 
-1 -1 -1 
-1 -1 -1 
-1 -1 l 
-1 -1 l 
... -1 l . 
r l 
;. 
92.0 84.6 94.3 
-1 -1 -1 
-1 -1 -1 
-1 -1 -1 
-1 -1 -1 
1 1 1 
l -1 1 
l -1 l 
;.. -1 1 
1 . 
r 























0 0 .. 0 -. 










































































































































Table G.1 Ma1111-Kendall Analvsis of MW-30 Plume (continued' 
I Event I I Event 2 Event3 Event4 Event5 Event6 Event? 
Trans-1,2-dichloroethylene (µglL) I 1.1 I 0.5 2.7 4.0 3.0 2.4 2.4 __., 
-1 I 1 I 1 1 
, 1 1 I 1 1 -r 1 1 -1 ·l 
;; -1 ·I -1 
-1 -1 -r -1 
... 
I 2.9 I 3.0 3.0 2.S 2.1 2.2 2.2 
--.1 l 1 •l -1 -1 •l -r I •l .J ·l -1 ·l 
r •l ·1 -1 -1 -r -1 ·l •l ... 1 l -r ·l 
;; 
I Event 1 I Event 2 Event3 Event4 Events Event6 Event? 
Tetrachloroethylene (µg/L) I 9.7 I 20.3 0.5 0.5 0.5 0.5 0,5 __., 1 -I -1 -1 ·I •l 
... •l -1 ·l -1 ·l 
;; 0 0 0 0 - 0 0 0 r 
r 0 0 
... 0 
... 
I 0.5 I o.s 0.5 o.so 0.50 0.50 o.so __., 
0 0 0 0 0 0 ... 0 0 0 0 0 
;; 0 0 0 0 
;; 0 0 0 
;; 0 0 
r 0 
;; 
Event8 Event9 Event IO 
1.9 1.4 1.9 
1 1 1 
1 1 1 
•l •l -1 
-1 -1 •l 
-1 •l -1 
.J -1 -1 
-1 -1 ·I 
;; -1 -1 -r 1 
;; 
2.S 3.4 2.2 
-1 1 -1 
-1 1 ·l 
-1 1 ·l 
-1 1 -1 
1 l 1 
1 1 ·l 
1 1 ·l 
... 1 -1 
... -1 
, 
Event8 Event9 Event ·10 
4.3 0.5 0'.5 
-1 ·l •l 
-1 -1 -1 
I 0 0 
1 0 0 
1 0 0 
1 0 0 
1 0 0 
, -1 -1 
... 0 
, 
0.50 o.so 0.5 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 -r 0 0 
r 0 -r 



































































































































































Table G.1 Mann-Kendall Analysis of MW~30 Plume (continued 
I Event l I Event 2 Event3 Event4 Event5 Event6 Event 7 
Tricllloroethylene uig/L) I 7.9 I 8.4 7.2 11.7 8.2 6.7 8.6 
----+1 1 -1 l l -I 1 - -1 I -I -1 I 
r 1 I -I I - -1 - -1 -1 
r -1 I 
r 1 
;; 
I 10.8 I 10.6 9.6 8.4 7.3 7.9 9.3 
----+I -1 -1 .) -1 •l -1 
- I -1 ·l -1 ·l ·l -, -1 -1 -1 ·l 
;:: -1 .) 1 
r 1 1 
r 1 --
I Event I I Event 2 Event3 Event4 Event5 Event6 Event? 
Vinyl Chloride uig/L) I 7.83 I 3.3 ,.o 12.0 11.6 8,1 8.6 
----+1 l -1 1 1 ·l 1 
r -1 l -1 -1 1 
;:: I I -1 I - ·l ·l -1 - -, ·I 1 
;; I ... 
I 10.3 I 10.9 12.l 10.8 8.7 10.8 10.3 
----+1 I 1 1 -1 1 .} 
r1 1 -1 -1 -1 -1 
;; -1 -1 -1 ·l 
, .J -I ·I -- I 1 
, ·l --
Events Event!> Event 10 Eventll 
6.4 4.9 6.2 8.7 
-1 -1 -I 1 
-1 -I -I l 
-1 -1 -1 1 
-1 •l -1 -1 
-1 -1 ·l 1 
-1 -1 -1 1 
-1 ·l -I l 
r .) -1 1 
r 1 l 
- 1 
, 
8.8 7.3 7.2 6.7 
-1 -1 -1 -1 
-1 ·l •l -1 
-1 ·l -1 -1 
1 -1 -1 -1 
1 -1 -1 ·1 
1 -1 ·I -1 
-1 ·l •l ·l 
, ·l -1 -1 
r -1 · -1 -- -1 
, 
Events Event!> EventlO Eventll 
6.9 4.8 6,8 9.5 
•l .} -1 1 
-1 ·I ·l l 
•I -1 -1 1 
-I ·l ·1" ·1 
·I -1 •I l 
·I -1 ·l 1 
-1 •I -1 1 
r ·I -1 I 
;:: 1 1 -r 1 -r 
11.2 8.7 9.4 8.6 
1 -1 -1 ·l 
1 •l -1 -1 
-1 -1 ·l -1 
I .) -I ·I 
1 -1 1 ·I 
1 . -I ·l -1 
1 ·l ·I -1 - .) -1 -1 ;; 1 -I - -1 -
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